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Abstract)
Background)
Emergency!laparotomies!in!the!UK,!and!internationally,!have!a!high!risk!of!death,!with!
accompanying! evidence! of! suboptimal! care.! The! emergency! laparotomy! pathway!
quality!improvement!care!(ELPQuiC)!bundle!is!a!care!bundle!for!patients!undergoing!
emergency! laparotomy,!consisting!of:! initial!assessment!with!early!warning!scores,!
early! antibiotics,! interval! between! decision! and! operation! less! than! 6! hours,!
consultant[led! intra[operative! care,! goal[directed! fluid! therapy! and! postoperative!
intensive!care.!!The!primary!aim!was!to!determine!if!implementation!improved!patient!
mortality!after!emergency!laparotomy.!
Methods)
The! ELPQuiC! bundle! was! implemented! in! four! hospitals,! using! locally! identified!
strategies!to!assess!the!impact!on!risk[adjusted!mortality.!Comparison!of!risk[adjusted!
30[day!mortality!rates!before!and!after!care[bundle!implementation!was!made!using!
risk[adjusted!cumulative!sum!(CUSUM)!plots!and!a!logistic!regression!model.!)
Results)
Risk[adjusted!CUSUM!plots!showed!an!increase!in!the!numbers!of! lives!saved!per!
100!patients!treated!in!all!hospitals,!from!647!in!the!baseline!interval!(299!patients!
included)! to! 1244! after! implementation! (427! patients! included)! (P<0001).! The!
overall! risk[adjusted! risk! of! death! decreased! from! 156! to! 96! per! cent! (risk! ratio!
0614,! 95! per! cent! confidence! interval! 0451! to! 0836P! P=0002).! There! was! an!
increase!in!the!uptake!of!the!ELPQuiC!processes!but!no!significant!difference!in!the!
patient! predicted! risk! of! mortality! profile! as! determined! by! the! mean! Portsmouth!
Physiological! and! Operative! Severity! Score! for! the! enUmeration! of! Mortality! and!
! 5 
morbidity! (P[POSSUM)! risk! (0197! and! 0223! before! and! after! implementation!
respectivelyP!P=0395).!
!
Conclusion))
Use!of! the!ELPQuiC!bundle!was!associated!with!an! increase! in!compliance! to! the!
majority! of! elements! of! the! care! bundle.! Introduction! of! the! ELPQuiC!Bundle!was!
associated! with! a! significant! reduction! in! the! risk! of! death! following! emergency!
laparotomy.!
! !
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Chapter(One(+(Introduction(
1.1(Background(
The!first!successful! laparotomy!was!performed!in!1809!in!Danville,!Kentucky,!USA.!
In! the! front! parlour! of! his! house,! surgeon! Ephraim! McDowell! performed! an!
experimental!midline! abdominal! incision! to! remove!a! large! ovarian! cyst! from!a! 46!
yearJold! mother! of! five,! without! any! anaesthetic! (Ellis,! 2009).! The! subsequent!
development!of!surgery!and!anaesthesia!has!dramatically!expanded!the!possibilities!
for! successful! surgical! treatment! of! both! chronic! and! acute! intraJabdominal!
pathologies.!
The!term!laparotomy!is!derived!from!the!Greek!words!‘laparo’!meaning!flank!or!soft!
part!and! ‘tomy’! to!cut!or! incise.! In!modern!medical! terms!a! laparotomy! refers! to!a!
(usually! midline)! incision! into! the! abdominal! wall! in! order! to! gain! access! to! the!
peritoneal!cavity!and!the!organs!contained!within.!It!can!be!therapeutic!(i.e.!to!allow!
treatment! of! a! known! pathology)! or! diagnostic! (i.e.! an! exploratory! procedure! to!
diagnose! the! underlying! pathology).! Emergency! general! surgery! (EGS)! is! a! term!
used!to!refer!to!emergency!abdominal!surgery.!It!excludes!vascular,!gynaecological!
and! trauma! surgery,! which! are! reported! separately! in! the! literature! and! not!
considered!as!part!of!this!thesis.!
It!is!estimated!that!EGS!accounts!for!50%!of!the!general!surgical!workload!and!80J
90%! of! general! surgical! deaths! (Association! of! Surgeons! of! Great! Britain! and!
Ireland,!2007).!EGS!is!estimated!to!require!approximately!1,000!finished!consultant!
episodes!per!100,000!population/year!and!therefore!represents!an!enormous!clinical!
service! accounting! for! some! of! the! highest! risk! and! most! vulnerable! hospital! inJ
patients! (Association!of!Surgeons!of!Great!Britain!and! Ireland,!2007).! !Emergency!
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(general! surgical)! laparotomy! is! a! procedure! performed! in! every! acute! surgical!
hospital.!In!the!UK!it! is!estimated!the!annual!incidence!of!emergency!laparotomy!is!
1:1100! (Shapter! et! al,! 2012).! Applying! this! to! population! estimates,! this! incidence!
equates! to! approximately! 56,000! emergency! laparotomies! every! year! in! the! UK.!
Reports! from! national! enquiries! have! repeatedly! demonstrated! that! emergency!
surgery! is! not! only! highJrisk! but! that! the! standards! of! care! are! inadequate! and!
inconsistent!between!centres.!Several!national!bodies!have!produced!guidelines!and!
standards! to! inform! monitoring! of! and! improvements! in! care! for! this! group! of!
patients.! However,! emergency! general! surgery,! with! the! exception! of! trauma,! has!
received! consistently! little! attention! when! compared! to! other! patient! groups,! for!
example!elective!general!surgery,!cardiac!surgery,!vascular!surgery!and!orthopaedic!
surgery.!
Between! 2004! and! 2009! there! were! increasing! numbers! of! GP! consultations,!
hospital! visits!and!emergency!admissions! (Blunt!et! al,! 2010).!This!was!associated!
with!an!increase!in!emergency!general!surgical!admissions!of!3%!per!year.!Possible!
reasons!for!this!include!the!ageing!population,!changes!to!primary!care!outJofJhours!
services,!A&E!targets!(4!hour!wait),!changes!in!patterns!of!junior!doctor!working!(due!
to! the! European! Working! Time! Directive! (EWTD)! and! the! Modernising! Medical!
Careers! (MMC)! program)! and! patient! expectations! (Association! of! Surgeons! of!
Great! Britain! and! Ireland,! 2012).! This! increasing! workload! will! require! increasing!
vigilance!to!ensure!that!highJrisk!emergency!surgical!patients!receive!the!same!high!
quality!care!expected!for!elective!surgery.!
!
!
!
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1.2((Definitions(
Emergency. laparotomy! is! considered! for! acute! intraJabdominal! pathologies! (i.e.!
immediate,! urgent! and! expedited! cases).! Potential! underlying! pathologies! include`!
trauma!to!any!intraJabdominal!organs,!pathology!relating!to!the!gastroJintestinal!tract!
(e.g.! acute! bleeding,! infection,! perforation,! obstruction,! ischaemia),! vascular!
pathology! (e.g.! abdominal! aortic! aneurysm! rupture),! gynaecological! pathology! (i.e.!
relating!to!the!uterus!and!ovaries),!urological!pathology!(i.e.!relating!to!the!kidneys,!
ureters! and! bladder)! and! other! intraJabdominal! organ! pathology! (e.g.! spleen,!
pancreas,!liver).!!It!can!also!be!considered!as!a!diagnostic!procedure!in!cases!where!
intraJabdominal! pathology! is! suspected! clinically,! but! where! there! is! no! clear!
diagnosis.! Outcomes! after! trauma,! vascular! emergencies,! urological! and!
gynaecological!procedures!are!considered!separately!in!the!literature,!therefore,!for!
the!purposes!of!this!thesis!the!term!“Emergency!Laparotomy”!refers!to!acute!general!
surgical!emergencies!only.!!
The! emergency! laparotomy! patient! group! epitomises! the! highestJrisk! of! all!
emergency! general! surgery.! Indeed,! emergency! laparotomy! poses! the! second!
highest! risk! of! all! procedures,! second!only! to! ruptured!abdominal! aortic! aneurysm!
surgery!(Pearse!et!al,!2006).(
In! 2004! the! National! Confidential! Enquiry! into! Perioperative! Death! (NCEPOD)!
classified! the! urgency! of! operative! procedures! into! four! categories:! immediate,!
urgent,! expedited! and! elective! (National! Confidential! Enquiry! into! Perioperative!
Deaths,!2004).!!
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•! Immediate!interventions!are!defined!as!“Immediate!life,!limb!or!organ!saving!
interventions! –! resuscitation! simultaneous!with! intervention.! Normally! within!
minutes!of!decision!to!operate”.!!
•! Urgent, procedures! are! defined! as! “intervention! for! acute! onset! or! clinical!
deterioration!of!potentially!lifeJthreatening!conditions,!for!those!conditions!that!
may!threaten!the!survival!of! limb!or!organ,!for!fixation!of!many!fractures!and!
for! relief! of! pain! or! other! distressing! symptoms.! Normally! within! hours! of!
decision!to!operate”.,,!
•! Expedited,procedures!are!defined!as!“patient!requiring!early!treatment!where!
the! condition! is! not! an! immediate! threat! to! life,! limb! or! organ! survival.!
Normally!within!days!of!decision!to!operate.!
•! ,Elective!interventions!are!those!which!are!“planned!or!booked!in!advance!of!
routine!admission!to!hospital.!Timing!to!suit!patient,!hospital!and!staff.”!!
!
1.3((Outcomes(after(emergency(surgery(
Outcomes! after! surgery! have! been! documented! in! the! UK! through! the! National!
Confidential! Enquiry! into! Perioperative! Death! (NCEPOD).! Similar! projects! have!
documented! outcomes! in! other! countries! and! healthcare! systems.! This! section!
focuses! on! the! NCEPOD! reports! as! these! are! representative! of! the! healthcare!
setting!of!the!project.!
The!Confidential!Enquiry!into!Perioperative!Death!(CEPOD)!was!initiated!in!1982.!Its!
first! report,! published! in! 1987,! reviewed! allJcause! surgical! deaths! in! three! regions!
(Buck! &! Devlin,! 1987).! They! recommended! national! data! collection,! local! selfJ
assessment! (audit,! multidisciplinary! morbidity! and! mortality! reviews),! increased!
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consultant! supervision! in! preJoperative! assessment,! decisionJmaking! and! care!
during! the! operation! itself.! The! report! also! stated! that! a! "fullyJstaffed! and! fullyJ
equipped!anaesthetic!room,!resuscitation!room,!operating!room,!recovery!area!and!
high! dependency! or! intensive! therapy! unit! should! be! available! at! all! times".! The!
report! resulted! in! the! formation! of! the! National! Confidential! Enquiry! into!
Perioperative!Death!(NCEPOD)!a!body!which!has!subsequently!published!33!reports!
into!the!quality!of!periJoperative!care!and!surgical!outcomes!for!a!variety!of!patient!
groups,!since!the!first!report!in!1987.!
In!1992!NCEPOD!published!their!second!report!in!which!they!referred!specifically!to!
the! provision! of! acute! surgical! services.! They! recommended! dedicated! operating!
rooms!for!emergency!surgery!on!every!site!that!provides!acute!surgical!care.!Again,!
increased!consultant! involvement!was!called! for!and!a!recommendation!was!made!
that!trainees!should!be!encouraged!to!seek!assistance!and!"know!that!their!request!
will! not! be! rebuffed".! In! addition! the! report! acknowledged! the! need! for! increased!
consultant! numbers! to! achieve! adequate! supervision! of! juniors! (Campling! et!
al,1992).! ! These! recommendations! were! reJiterated! in! a! subsequent! report! in!
1991/2.!!In!addition,!this!followJup!report!highlighted!the!lack!of!dedicated!emergency!
theatres,! recovery,! adequate! intensive! care! provision,! insufficient! staff! and!!
inappropriate! nightJtime! operating! by! unsupervised! junior! and! locum! doctors,!
inadequate! preparation! of! emergency! patients,! excessive! fluid! administration,!
inadequate!use!of!intraJoperative!nonJinvasive!monitoring!and!continued!issues!with!
some!surgeons!performing!operations!with!which!they!were!not!familiar!(Campling!et!
al,!1993).!Subsequent!reports!highlighted!the!continued!lack!of!Intensive!Care!beds!
and!dayJtime!access!to!emergency!operating!theatres.!
!
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Over! the! first! 10! years! of!NCEPOD! there!was! ! a! trend! in! improvement! in! certain!
aspects!of!care!(e.g.!consultant!involvement,!trainee!supervision,!specialist!care!for!
subJspecialties),!however!recurring!themes!have!not!been!addressed!including!lack!
of! dedicated! emergency! theatres,! lack! of! provision! of! intensive! care! support! postJ
operatively,!patchy!use!of!audit!and!communication!between!specialties! (Gallimore!
et!al,1997).!
!In!1997!NCEPOD!published!a!report!entitled!‘Who!operates!when’,!a!detailed!study!
of!the!patterns!of!work!undertaken!in!operating!theatres!in!355!NHS!and!22!private!
hospitals! in! the! UK.! Data! was! collected! over! seven! randomlyJchosen! 24Jhour!
periods,! over! the! course! of! one! year! (April! 1995! to! March! 1996).! This! report!
specifically! studied! the! provision! of! acute! surgical! services! and! outlined! the!
inconsistencies! in! care! given! to! emergency! surgical! patients,! with! associated!
adverse!impact!on!outcomes.!The!report!particularly!highlighted!nightJtime!operating!
often!performed!by! junior!surgical!staff!with!highJrisk! for!patients.!The!report!called!
for! further! improvements! in! consultant! involvement! on! emergency! surgical! cases,!
particularly!for!highJrisk!cases!(Campling!et!al,!1997).!
Subsequent! NCEPOD! reports! echo! these! findings,! some! report! areas! of!
improvement! and! highlight! continued! unresolved! problems,! for! example! timely!
access!to!theatre,!seniority!of!medical!staff!and!access!to!intensive!care.!NCEPOD!
projects!collect!data!relating!to!postJsurgical!deaths!from!participating!hospitals!and!
rely!on!selfJreporting!of!cases!and!accurate!and!complete!reporting!of!deaths.!The!
methodology! does! not! quantify! the! denominator! (i.e.! how! many! procedures! are!
performed!in!one!year!throughout!the!UK)!and!therefore!cannot!conclude!incidence!
of!mortality!following!surgery.!The!NCEPOD!reports,!from!the!first!ten!years,!look!at!
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all!surgical!deaths!from!all!specialties!and!all!degrees!of!urgency.!Later!reports!focus!
on! specific! specialties! (paediatrics,! the! elderly,! acute! medical,! trauma! care,!
emergency!admissions),!diseases!(subarachnoid!haemorrhage,!alcohol!related!liver!
disease,!acute!kidney!injury,!sickle!cell!crisis)!and!specific!interventions!(endoscopy,!
chemotherapy,! cardiac! arrest! procedures,! cosmetic! surgery,! parenteral! nutrition,!
endJofJlife! care,! coronary! revascularisation! procedures,! coroner’s! autopsy,! aortic!
aneurysm! surgery).! No!NCEPOD! reports! have! focused! specifically! on!Emergency!
General!Surgery!(EGS).!
The! 1999! NCEPOD! report! Extremes! of! Age! (Callum! et! al,! 1999)! focused! on!
paediatric! and! elderly! patients.! Specific! problems! identified! in! the! elderly! included!
lack!of!multidisciplinary! team!(MDT)! treatment!despite! identified!comorbid!disease,!
lack! of! availability! of! emergency! theatres! and! lack! of! senior! clinician! involvement!
contributing! to! nonJmedical! delays.! In! the! forward,! it! was! suggested! that! preJ
operative!management! should! be! provided! on! a! High! Dependency! Unit! (HDU)! in!
order!to!stabilise!physiology!prior!to!surgery.!Recommendations!included:!!
•! the!decision!to!operate!should!include!provision!of!appropriate!postJoperative!care!
•! operations!should!be!performed!within!24!hours!once!the!patient!was!deemed!fit!for!
surgery!!
•! clinical!record!systems!should!be!improved.!!
In!patients!aged!over!90Jyears!laparotomy!was!the!second!most!common!operation!
(after!hip! fracture!operations),!85%!of!deaths! followed!emergency!operations,!only!
10%!of!those!who!died!after!surgery!went!to!ITU,!19%!had!a!nonJmedical!delay!and!
in! only! 43%! was! a! consultant! involved! in! the! operation.! A! high! incidence! of!
gastrointestinal! complications! were! noted! on! post! mortem! reports.! The! report!
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recommended!that!reporting!of!surgical!deaths!to!NCEPOD!should!become!a!clinical!
governance!duty!for!all!NHS!trusts.!
Following!the!1999!report!and!several!government!white!papers!(Callum!et!al,!1999`!
Department! of! Health,! 1998)! participation! in! NCEPOD! became! a! compulsory!
component!of!clinical!governance.!At! this! time!NCEPOD!incorporated! into!the!then!
National! Institute!of!Clinical!Excellence!(NICE`!now!the!National! institute! for!Health!
and!Clinical!Excellence).!
The!tenth!NCEPOD!report,!entitled!Then!and!Now,!was!published!in!2000.!Again,!a!
random!sample! (10%)!of!deaths!after!surgery!were! reviewed! (Callum!et!al,!2000).!
Data! collection! shifted! from! voluntary! (as! in! all! previous! reports)! to! a! compulsory!
requirement.!The!report!compared!mortality!review!for!the!previous!year!to!the!prior!
published! reports! for! the! ten! preceding! years.! The! report! commented! that!
emergency!workload!had!increased!over!the!preceding!10!years,!although!no!reason!
for!this!was!identified.!Some!improvements!were!noted`! increased!consultant! input,!
fewer! procedures! by! unsupervised! trainees! and! increase! in! critical! care! provision.!
Despite!these!improvements,!themes!identified!in!the!previous!reports!remained.!Of!
those! who! died! after! surgery! 40%! died! in! institutions! without! access! to! highJ
dependency! care! facilities.! The! proportion! of! procedures! undertaken! by!
unsupervised! junior! trainees!was! less,!however! there!was!a!significant! increase! in!
the!number!of!procedures!undertaken!by!unsupervised!nonJconsultant!career!grade!
(NCCG)!staff.!The!report!raised!the!concern!that!the!previously!identified!problem!of!
unsupervised!trainees!had!been!replaced!by!reliance!on!unsupervised!NCCG.!!
!
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The!2001!NCEPOD! report! shifted! from!attributing! individual! clinical! deficiencies! to!
eventual! death,! towards! focusing! on! quality! of! care! and! appropriate! resourcing!
(Burke!et!al,! 2001).!The!authors!commented!on! increasing!demands!of!an!ageing!
population! with! increasing! severity! of! illness! and! comorbidities.! Again,! highlighted!
areas! included!poor! recordJkeeping,!poor! communication!and! falling! rates!of! postJ
mortem! examinations.! The! report! attempted! to! examine! the! relationship! between!
quality!of!care!and!death.!Themes!identified!included:!unnecessary!delays!between!
patient!deterioration!and! required!surgery,! lack!of! senior! clinician! input! in! complex!
cases,!poor!communication!and!poor! recognition!of! severe! illness!attributable! to!a!
surgicallyJredeemable! cause.! The! report! recommended! multidisciplinary! audit! (of!
deaths)! focusing! on! changing! systems! of! practice! to! reduce! unintended! patient!
harm.!Again,!clinical!data!systems!were!criticised!and!a!national!electronic!system!
was!called! for.!The!report!highlighted! the!gap! in!skills!between!ward!and! intensive!
care.! This! was! the! first! report! to! highlight! the! inherent! dangers! of! urgent! and!
emergency!surgical!presentations!of!cancer!related!diseases!and!recommended!the!
early! referral! and! management! of! such! cases! by! clinicians! who! specialised! in!
surgical!oncology!(Burke!et!al,!2001).!
The! NCEPOD! report! published! in! 2002! was! entitled! “Functioning! as! a! team?”!
(Callum!et!al,!2002).!This!report!identified!that!80%!of!those!patients!who!died!did!so!
after! emergency! or! urgent! surgery.! These! patients! often! had! unrecognised!
comorbidities! and! remediable!medical! conditions.! This! report! built! on! the! systemJ
change! approach! of! the! previous! report! and! focused! on! the! importance! of!
multidisciplinary! teamwork,! particularly! in! complex,! highJrisk! and! nonJelective!
procedures.!The!report!acknowledged!the!challenges!of!shiftJworking!and!concurrent!
staffing!arrangements!to!the!continuity!of!care!for!individual!patients,!all!too!often!the!
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only! consistent! clinician! was! the! overall! responsible! consultant.! There! was! an!
encouraging!increase!in!the!seniority!of!clinicians!making!the!decision!to!proceed!to!
surgery.!There!was!ongoing!evidence!of!poor!recordJkeeping!(including!observations!
and!fluid!balance!charts)!and!the!authors!suggested!that!this!may!negatively!impact!
on!patient!care!and!outcome.!In!contrast!to!previous!reports,!recommendations!were!
more! specifically! aimed! at! targets! for! improving! systems! of! care.! They! included:!
adequate! provision! of! trained! consultant! intensive! care! clinicians! through! funded!
sessions,! all! teams! involved! in! patient! care! to! be! involved! in! multidisciplinary!
morbidity! and! mortality! reviews! with! dissemination! of! reports! and! conclusions,!
national! prescribing! guidelines! to! reduce! drug! errors! and! the! recording! of! postJ
operative! complications! on! the! death! certificate.! The! report! also! went! on! to!
recommend`! senior! intensive! care! input! into! complex! decisionsJtoJoperate,!
multidisciplinary! teamJworking! to! ensure! an! appropriate! balance! between! getting!
acutely! unwell! patients! to! theatre! rapidly! and! adequate! preJoperate! resuscitation,!
more!widespread!introduction!of!critical!care!outreach!teams,!policies!for!critical!care!
referral!and!early! identification!and!management!of!postJoperative!complications.! It!
is! interesting! to! note! that! this! was! the! first! report! to! include! separate!
recommendations!to!clinicians!and!managers.!Highlighting!the!importance!of!clinical!
and!managerial!processes!to!facilitate!implementation!of!the!recommendations.!
In!2003!NCEPOD!published!a!report!entitled!“Who!Operates!When?!II”,!a!followJup!
report!to!the!1996!report!“Who!Operates!When?”!(Cullinane!et!al,!2003).!The!report!
highlighted! the! progression! in! clinical! provision! in! light! of! the! recent! changes! to!
training!of!junior!doctors!(reduction!in!working!hours)!and!increase!in!consultant!and!
career! grade! staff! (up! to! a! 124%! increase! since! the! 1996! report).! The! report!
attempted!to!identify!the!number!of!procedures!performed!in!a!designated!sevenJday!
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period! in! 2002,! however! only! 34%! of! trusts! were! able! to! provide! complete! data.!
There!were!encouraging!increases!in!consultant!numbers!and!more!than!a!50%!dayJ
case!procedure!rate.!When!compared!to!the!1997!report!there!were!improvements!in!
consultant! participation! in! emergency!operations`! daytime! (41%!vs.! 28%),! evening!
(21%! vs.14%)! and! nightJtime! (26%! vs.11%)! hours.! Similarly,! there!was! increased!
availability! of! scheduled! daytime! emergency! operating! sessions! (63%! vs.! 51%).!
However,!the!report!went!on!to!highlight!the!variability!and!lack!of!facilities!to!care!for!
emergency!patients!appropriately.!Specifically,!they!reported!the!lack!of!emergency!
operating!facilities!in!dayJtime!hours!in!a!large!proportion!of!hospitals.!Subsequently!
elective! cases! were! taking! priority! over! emergency! cases! in! dayJtime! hours,! with!
inevitable!delays! in!emergency!surgery!until! outJofJhours,!when!staffing! levels!and!
access! to! facilities!were! less.!The!report!also!concluded!that!deficiencies! in!outJofJ
hours! staffing! precluded! the! provision! of! appropriate! quality! of! care! outJofJhours!
(when! compared! to! dayJtime! care).! The! report! went! on! to! recommend! a!
reclassification! of! urgency! criteria! and! a! debate! of! appropriateness! of! performing!
less! urgent! surgery! outJofJhours! (particularly! in! view! of! reduced! trainee! working!
hours).!Recommendations!were!made!calling! for!all!hospitals! receiving!emergency!
surgical! patients! to! have! onJsite! access! to! appropriate! facilities! (e.g.! designated!
emergency! theatre,! recovery! room,! high! dependency! and! intensive! care).! In!
addition,! it! was! recommended! that! Strategic! Health! Authorities! (SHA)! and! NHS!
trusts!should!collaborate!to!ensure!that!these!facilities!were!available!for!emergency!
patients!24!hours!a!day,!seven!days!a!week.!
The! 2007!NCEPOD! report! entitled! “Emergency! admissions:! A! journey! in! the! right!
direction?”! examined! the! standard! of! care! of! patients! admitted! as! an! emergency!
(Martin!et!al,!2007).!Data!collection!occurred!during!a!designated!sevenJday!period!
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in! 2005.! The! study! examined! surveys! of! clinicians! and! case! notes! of! emergency!
patients!who!died!within!seven!days!of!admission,!were!admitted! to! intensive!care!
within!the!first!seven!days!of!admission!or!who!died!within!seven!days!of!discharge!
from!hospital.!At!the!time!of!this!report!emergency!admissions!accounted!for!a!third!
of!all!hospital!admissions!and!were!increasing.!The!aim!of!this!study!was!to!examine!
immediate! and! ongoing! care! of! emergency! presentations! and! identify! remediable!
factors! in! existing! pathways.! In! total! 1275! case! notes,! 1609! admission!
questionnaires! and! 1617! ongoing! care! questionnaires! were! analysed.! The! report!
concluded! that! 35%! of! cases! had! remediable! deficiencies! in! standards! of! care,!
although! the! authors! did! comment! that! these! deficiencies! did! not! always! lead! to!
worse! outcomes.! It! was! not! possible! to! identify! key! aspects! of! care! due! to! poor!
documentation! in! nearly! 50%! of! cases.! Only! 40%! of! cases! with! available! times!
documented! in! the! notes! were! reviewed! by! a! consultant! within! twelve! hours! of!
admission.!It!was!stated!that!consultants!must!be!the!team!leader!as!they!were!often!
the!primary!source!of!continuity,!with!a!decrease! in!continuity!of! junior!and!nursing!
staff!due!to!changes!in!working!patterns!related!to!the!introduction!of!the!EWTD.!The!
report!went!on! to! recommend! that!all!patients!should!be! reviewed!by!a!consultant!
within!twelve!hours!of!admission!and!that!consultant!job!planning!should!be!such!as!
to!limit!nonJemergency!commitments!during!onJcall!periods!to!ensure!availability!and!
reduce!conflicting!responsibilities.!!
The! report! identified! some! cases! where! there! was! a! delay! in! the! recognition! of!
critical! illness! and! went! on! to! recommend! that! junior! clinicians! be! trained! in! the!
recognition!and!management!of!critical!illness!and!that!senior!support!is!appropriate!
to!their!competence!and!experience.!The!report!did!comment!that!the!responsibilities!
of! junior! clinical! staff! should! consider! the! potential! conflicts! between! service!
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provision,!experience,!training!and!education.!There!were!identified!cases!of!issues!
with! delays! and! availability! of! radiological! investigations,! particularly! computedJ
tomography!(CT)!scanning.!The!authors!recommended!that!CT!scanning!should!be!
available!24!hours!a!day,!with!immediate!reporting!by!a!radiologist.!The!report!also!
identified! deficiencies! in! care! related! to! location! of! ongoing! care.! There! were!
examples! of! patients! being! cared! for! on! inappropriate! wards! without! specialist!
experience! or! appropriate! support! for! critically! ill! patients.! The! location! of! ongoing!
care! should! be! appropriate! for! both! specialty! and! presenting! condition,! avoiding!
excessive! transfers! and! with! robust! systems! of! handover.! There! were! examples!
where!observations!were!either!too!infrequent!or!not!appropriately!acted!upon!when!
deranged.! The! report! recommended! that! there! should! be! a! clear! physiological!
monitoring! plan! for! individual! patients,! specifying! what! parameters,! frequency! of!
measurement!and!thresholds!for!escalation!of!care. 
The!2010!NCEPOD!report!studied!patients!over!the!age!of!80!who!had!died!within!
30!days!of!operation!(Wilkinson!et!al,!2010).!Of!the!820!cases!assessed,!31%!were!
abdominal!procedures,!83%!were!emergency!procedures!and!50%!died!within! the!
first! seven! days! after! surgery.! The! data! included! analysis! of! 285! patients! who!
presented! with! acute! abdominal! conditions,! 239! of! who! required! emergency!
laparotomy!(intraJabdominal!surgery!or!hernia!repair!with!bowel!resection).!Although!
initial! assessment! was! deemed! adequate! in! the! vast! majority! of! cases,! clinical!
deterioration! prior! to! surgery! was! evident! in! some! cases! and! delays! in! operation!
were!reported! in!31%!of!cases.!Assessors! identified!significant!delays! in!getting! to!
the!operating!theatre!in!22%!of!cases.!The!majority!of!cases!were!operated!on!by!a!
consultant!surgeon,!however!the!level!of! intraJoperative!consultant!supervision!was!
deemed! inadequate! in! one! third! of! cases! undertaken! by! nonJconsultant! grades.!
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Medicine! for! the! Care! of! the! Elderly! (MCOP)! input! was! infrequent,! in! contrast! to!
elderly! care! services! for! elderly! patients!with! fractured! neck! of! femur,!which! have!
now!become!well! established.!The!study!also! identified! the! variety!of! pathways!of!
presentation! for!surgery,!demonstrating! that!a! large!proportion!of!patients!who!had!
emergency! abdominal! surgery! were! initially! admitted! under! a! medical! specialty!
(Wilkinson!et!al,!2010).!
The! 2011! NCEPOD! report,! entitled! ‘PeriJoperative! Care! 2011! Knowing! the! risk’,!
collected! prospective! data! on! all! patients! undergoing! surgery! during! a! oneJweek!
period!in!2010!(Findlay!et!al,!2011).!This!report!was!the!first!to! include!prospective!
data! and! denominator! data! to! allow! estimation! of! incidence! of! outcomes! and!
processes.!Data!were!collected!on!18,565!operations!during!the!study!period,!65%!
were!elective,!13%!expedited,!21%!urgent!and!1.5%!immediate.!Anaesthetists!were!
asked! to!categorise!patients!as!high!or! low! risk.!Outcomes!and!processes!of! care!
were! reported.! In! addition,! a! detailed! case! note! review! of! 1026! cases! were! also!
reported.!Anaesthetists!deemed!20%!of!cases!high!risk!and!these!cases!accounted!
for!79%!of!deaths.!There!was!poor!documentation!of!predicted!risk!preJoperatively!
(only! 7.5%! of! high! risk! cases).! In! high! risk! cases,! there! were! low! rates! of! intraJ
operative! invasive! monitoring! (arterial! catheter! (26.6%),! central! venous! catheter!
(14.2%)!and!cardiac!output!monitor!(4.7%).!Only!22%!of!high!risk!cases!were!cared!
for! in! intensive! care!after! their! operation.!Strikingly,! half! of! all! highJrisk! cases!who!
died! never! went! to! ICU! at! any! point! in! their! hospital! stay.! For! some! cases! (e.g.!
palliative! procedures)! this! may! have! been! appropriate,! however! the! authors!
commented!that!this!does!not!adequately!explain!the!low!proportion!of!ICU!input!in!
patients!who!go!on!to!die!in!hospital,!and!may!indicate!an!underJuse!of!appropriate!
highJlevel!postJoperative!care.!Mortality!was!four!times!higher! in!patients!who!were!
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not! transferred! to! their! ideal! discharge! location! after! surgery! (1.4%! versus! 5%),!
demonstrating! that! a! lack! of! intensive! care! resources! may! play! a! part! in! worse!
outcomes.! Advisors! felt! that! less! than! 50%! received! an! acceptable! level! of! postJ
operative! care.! The! report! criticised!a! lack! of! acknowledgement! or! appreciation! of!
periJoperative! risk,! poor! preJoperative! assessment,! inconsistent! intraJoperative!
GDFT! and! inappropriate! levels! of! postJoperative! care! in! high! risk! patients.! IntraJ
abdominal!surgery!was!identified!as!one!of!the!highest!risk!procedures.!Emergency!
laparotomy!represented!the!highest!risk!procedure!in!this!group.!Overall!there!was!a!
fiveJfold! increase! in! mortality! after! all! nonJelective! intraJabdominal! surgery! (4.7%!
versus! 0.9%! after! elective! intraJabdominal! surgery).! Mortality! in! high! risk! patients!
after!nonJelective!intraJabdominal!surgery!was!13.2%!(Findlay!et!al,!2011).!Clearly,!
the!shortcomings!of!care!processes!presented!an!opportunity!to! improve!outcomes!
after!surgery,!particularly!in!highJrisk!nonJelective!intraJabdominal!surgery. 
It! is! clear! from! reviewing! the! NCEPOD! reports! pertinent! to! emergency! general!
surgery! that! there! has! been! some! improvement! in! aspects! of! care.! For! example`!
increases! in! intensive! care! provision! and! consultant! input! for! emergency! cases.!
However,! these! improvements!do!not! seem! to!have!kept!pace!with! the! increasing!
emergency! workload,! increasing! age! of! patients! and! the! complexity! of! their!
conditions!(acknowledged!in!consecutive!reports).!There!were!a!number!of! themes!
that! are! consistent! throughout.! Namely! a! significant! proportion! of! cases!who! died!
after! operation! were! predictably! highJrisk,! yet! there! continued! to! be! an!
underutilisation!of!risk!prediction`!a!proportion!of!patients!continued!to!receive!care!
from! unsupervised! nonJconsultant! career! grade! or! trainee! grade! clinicians`! there!
were!delays!in!recognition,!assessment,!investigations!and!management!and`!there!
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continued! to! be! a! lack! of! periJoperative! optimisation! and! underutilisation! of! postJ
operative!intensive!care.!Table!1.1!summarises!the!key!NCEPOD!reports.!!
The! validity! of! the! reports! has! been! hampered! by! inconsistent! data! quality! and!
incomplete!data!collection,!relying!on!questionnaire!replies!from!individual!clinicians!
involved! in!each!case.! !However,! the!methodology!of!data!collection! for!NCEPOD!
reports! has! evolved! from! voluntary! to! compulsory,! and! more! recently! included!
attempts!at!quantifying!incidence!of!death!rather!than!merely!a!qualitative!analysis!of!
a! proportion! of! those! who! died.! As! seen! in! the! 2011! report,! these! improvements!
have!generated!a!more!complete!picture!and!quantified!risk! for!groups!of!patients.!
Indeed,!NCEPOD!continues!to!diversify!into!more!specific!clinical!areas!(for!example!
intracerebral!events,!gastrointestinal!bleeding,!sepsis)!and!aspects!of!care!provision!
to!further!identify!specific!areas!for!improvement!strategies.!The!NCEPOD!reports!do!
not!in!themselves!constitute!evidence,!however!they!do!form!an!important!foundation!
for!developing!strategies!to!improve!quality!of!care!in!emergency!surgery.!
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Table!1.1!Summary!of!relevant!NCEPOD!reports.!
NCEPOD'
Report Methodology Key'Findings Key'Recommendations 
Confidential!
Enquiry!into!
Perioperative!
Death!(Buck!et!al!
1987)!
J!!Voluntary!
participation!
J!Review!of!postJ
operative!deaths!in!3!
UK!regions!
!
J!lack!of!consistent!consultant!supervision!of!juniors!
J!number!of!deaths!where!juniors!did!not!contact!
seniors!
J!preJop!assessment!and!resuscitation!compromised!
by!haste!to!operate!
J!surgeons!doing!operations!they!are!not!trained!for!
J!National!data!collection!
J!Local!selfJassessment!(audit,!multidisciplinary!morbidity!and!
mortality!reviews)!
J!Increased!consultant!supervision!
J!Fully!staffed!emergency!theatre,!recovery!and!higher!care!facilities!
at!all!times!
J!Implementation!of!CEPOD!classification!of!operations!
J"for!the!most!seriously!ill!patients,!consultant!anaesthetists!and!
surgeons!should!consult!together!before!the!operation"!
The!report!of!the!
NCEPOD!1990!
(Campling!et!
al,1992)!
J!Voluntary!
participation!
J!National!
J!20%!random!
sample!of!all!18817!
reported!deaths!over!
1!year!
J!problem!with!poor!note!keeping!and!missing!notes!
J!lack!of!senior!supervision/decisionJmaking!
J!lack!of!ITU/HDU/emergency!theatre!availability!
J!inexperienced/unsupervised!locum!staff!
J!surgeons!operating!outside!their!area!of!expertise!
J!dedicated!operating!rooms!for!emergency!surgery!on!every!site!that!
provides!acute!surgical!care!
J!increased!consultant!involvement!!
J!trainees!should!be!encouraged!to!seek!assistance!!
J!increased!consultant!numbers!to!achieve!adequate!supervision!of!
juniors!
The!Report!of!the!
NCEPOD!1991/2!
(Campling!et!al,!
1993)!
J!Voluntary!
participation!
J!National!
J!20%!random!
sample!of!all!12612!
reported!deaths!over!
1!year!
J!lack!of!dedicated!emergency!theatre/ITU!
J!insufficient!staff!–!particularly!at!night!
J!locums!working!alone!without!supervision!
J!operations!done!with!little!hope!(humanity)!
J!operations!done!hastily!with!inadequate!preparation!
J!inadequate!thromboembolic!prevention!
J!excessive!fluid!
J!some!surgeons!doing!operations!with!which!they!
are!not!familiar!
J!cooperation!in!NCEPOD!
J!thromboembolism!prevention!
J!realisation!of!critical!importance!of!fluid!balance!
J!collaborative!approach!to!match!skills!to!patients’!condition!
J!immediate!access!to!essential!services!(theatre/ICU)!
J!no!longer!acceptable!for!junior!trainees!to!be!operating!without!
consultant!supervision!
J!surgery!should!be!avoided!in!those!whose!death!is!inevitable!
J!more!consultant!involvement!in!theatre!
‘Who!operates!
when’!
(Campling!et!al,!
1997)!
J!Voluntary!
participation!
J!355!NHS!and!22!
private!hospitals!
J!all!operations!over!
seven!24Jhour!
periods,!over!one!
year!
J!specifically!studied!
provision!of!acute!
surgical!services!
J!53162!cases!with!data!!
J!20%!of!general!surgical!workload!was!emergency!
J!at!night!consultant!supervision!low!!
J!procedures!unnecessarily!undertaken!during!the!
night!due!to!nonJclinical!reasons,!!
J!some!complex!procedures!in!patients!with!
comorbidities!undertaken!solely!by!junior!trainees!
J!inconsistencies!in!care!given!to!emergency!surgical!
patients,!with!associated!adverse!impact!on!
outcomes!
J!Junior!trainees!responsible!for!7.1%!of!routine!and!
29.3%!of!emergency!surgery!
J!further!improvements!in!consultant!involvement!on!emergency!
surgical!cases,!particularly!for!highJrisk!cases!
J!decision!to!operate!should!be!a!consultant!decision!
J!24hour!operating!rooms!and!critical!care!
J!increased!supervision,!support!and!training!of!junior!staff,!especially!
at!night!
J!consultants!rostered!for!emergency!work!without!competing!
commitments!
J!theatre!arbitrator!who!decides!priority!of!competing!cases!
J!clinical!condition!should!be!optimised!before!surgery!
Extremes!of!Age!
(Callum!et!al,!
1999)!
J!Nationals!voluntary!
participation!
J!deaths!over!1!year!
period!reported!
J!19643!deaths!
included!for!analysis!!
J!detailed!review!of!
deaths!<16!years!and!
>90!years!
!
J!lack!of!multidisciplinary!team!(MDT)!treatment!
despite!identified!comorbid!disease!
J!lack!of!availability!of!emergency!theatres!
J!lack!of!senior!clinician!involvement!
J!nonJmedical!delays!
J!laparotomy!was!the!second!most!common!operation!
(after!hip!fracture!operations),!85%!of!deaths!followed!
emergency!operations,!only!10%!of!those!who!died!
after!surgery!went!to!ITU,!19%!had!a!nonJmedical!
delay!and!in!only!43%!was!a!consultant!involved!in!
the!operation!
J!preJoperative!management!should!be!provided!on!a!High!
Dependency!Unit!(HDU)!in!order!to!stabilise!physiology!prior!to!
surgery!
J!the!decision!to!operate!should!include!provision!of!appropriate!postJ
operative!care!
J!operations!should!be!performed!within!24!hours!once!the!patient!
was!deemed!fit!for!surgery!
J!reporting!of!surgical!deaths!to!NCEPOD!should!become!a!clinical!
governance!duty!for!all!NHS!trusts!
‘Then!and!Now’!
(Callum!et!al,!
2000)!
J!National!compulsory!
participation!
J!deaths!over!1!year!
period!reported!
J!19832!included!for!
analysis!
J!review!of!random!
10%!of!cases!
J!emergency!workload!had!increased!over!the!
preceding!10!years!
J!increased!consultant!input,!fewer!procedures!by!
unsupervised!trainees!and!increase!in!critical!care!
provision!
J!40%!died!in!institutions!without!access!to!highJ
dependency!care!facilities!
J!proportion!of!procedures!undertaken!by!
unsupervised!junior!trainees!was!less,!however!there!
was!a!significant!increase!in!the!number!of!
procedures!undertaken!by!unsupervised!nonJ
consultant!career!grade!(NCCG)!staff!
J!establish!systems!to!ensure!that!all!patients’!medical!records!are!
always!available!to!clinicians!
J!Although!the!provision!of!essential!critical!care!facilities!has!
increased!greatly!since!1990,!the!absence!of!an!HDU!in!an!acute!
surgical!hospital!is!detrimental!to!patient!care!
J!urgent!and!emergency!workload!in!anaesthesia!being!undertaken!by!
nonJconsultant!career!grade!(NCCG)!doctors!is!of!considerable!
concern!
J!low!takeJup!of!mortality!audit,!particularly!in!anaesthesia!
The!2001!Report!
of!the!NCEPOD!
(Burke!et!al,!2001)!
J!National!compulsory!
participation!
J!deaths!over!1!year!
period!reported!
J!20561!included!for!
analysis!
J!review!of!random!
10%!of!cases!
J!increasing!demands!of!an!ageing!population!with!
increasing!severity!of!illness!and!comorbidities!
J!poor!recordJkeeping,!poor!communication!and!
falling!rates!of!postJmortem!examinations!
J!unnecessary!delays!between!patient!deterioration!
and!required!surgery,!lack!of!senior!clinician!input!in!
complex!cases,!poor!communication!and!poor!
recognition!of!severe!illness!attributable!to!a!
surgicallyJredeemable!cause!
J!gap!in!skills!between!ward!and!intensive!care!
J!highlight!the!inherent!dangers!of!urgent!and!
emergency!surgical!presentations!of!cancer!related!
diseases!
J!multidisciplinary!audit!(of!deaths)!focusing!on!changing!systems!of!
practice!to!reduce!unintended!patient!harm!
J!national!electronic!patient!data!system!
J!recommended!the!early!referral!and!management!of!cancer!cases!
by!clinicians!who!specialised!in!surgical!oncology!
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The!2002!Report!
of!the!NCEPOD!!
(Callum!et!al,!
2002)!
J!National!compulsory!
participation!
J!deaths!over!1!year!
period!reported!
J!20736!included!for!
analysis!
J!review!of!deaths!in!
first!3!days!postJop!
!
J!80%!of!those!patients!who!died!did!so!after!
emergency!or!urgent!surgery!
J!often!had!unrecognised!comorbidities!and!
remediable!medical!conditions!
J!acknowledged!the!challenges!of!shiftJworking!and!
concurrent!staffing!arrangements!to!the!continuity!of!
care!for!individual!patients,!all!too!often!the!only!
consistent!clinician!was!the!overall!responsible!
consultant!
J!increase!in!the!seniority!of!clinicians!making!the!
decision!to!proceed!to!surgery!
J!multidisciplinary!teamwork,!particularly!in!complex,!highJrisk!and!
nonJelective!procedures!
J!adequate!provision!of!trained!consultant!intensive!care!clinicians!
through!funded!sessions!
J!national!prescribing!guidelines!to!reduce!drug!errors!
J!recording!of!postJoperative!complications!on!the!death!certificate!
J!senior!intensive!care!input!into!complex!decisionsJtoJoperate!
J!appropriate!balance!between!getting!patients!to!theatre!rapidly!and!
adequate!resuscitation!
J!more!widespread!introduction!of!critical!care!outreach!teams,!
policies!for!critical!care!referral!and!early!identification/management!
of!postJoperative!complications!
“Who!Operates!
When?!II”!
(Cullinane!et!al,!
2003)!
J!National!compulsory!
participation!
J!Number!of!
procedures!
performed!in!a!
designated!sevenJ
day!period!in!2002!
J!however!only!34%!
of!trusts!were!able!to!
provide!complete!
data!
J!encouraging!increases!in!consultant!numbers!
J!improvements!in!consultant!participation!in!
emergency!operations`!J!increased!availability!of!
scheduled!daytime!emergency!operating!sessions!!
J!lack!of!emergency!operating!facilities!in!dayJtime!
hours!in!a!large!proportion!of!hospitals!
J!elective!cases!were!taking!priority!over!emergency!
cases,!with!inevitable!delays!in!emergency!surgery!
until!outJofJhours!
J!deficiencies!in!outJofJhours!staffing!precluded!the!
provision!of!appropriate!quality!of!care!
J!all!hospitals!receiving!emergency!surgical!patients!to!have!onJsite!
access!to!appropriate!facilities!(e.g.!designated!emergency!theatre,!
recovery!room,!high!dependency!and!intensive!care)!
J!Strategic!Health!Authorities!(SHA)!and!NHS!trusts!should!
collaborate!to!ensure!that!these!facilities!were!available!for!
emergency!patients!24!hours!a!day,!seven!days!a!week!
“Emergency!
admissions:!A!
journey!in!the!right!
direction?”!
(Martin!et!al,!2007)(
designated!sevenJ
day!period!in!
2005/surveys!of!
clinicians!and!case!
notes!of!emergency!
patients!who!
died/were!admitted!to!
ITU!within!seven!
days!of!admission!
J!1275!case!notes,!1609!admission!questionnaires!
and!1617!ongoing!care!questionnaires!were!analysed!
J!35%!of!cases!had!remediable!deficiencies!in!
standards!of!care!
J!poor!documentation!in!nearly!50%!of!cases!
J!only!40%!of!cases!with!available!times!documented!
in!the!notes!were!reviewed!by!a!consultant!within!
twelve!hours!of!admission!
delay!in!the!recognition!of!critical!illness!
J!issues!with!delays!and!availability!of!radiological!
investigations!
J!consultants!must!be!the!team!leader!(often!the!primary!source!of!
continuity)!
J!all!patients!should!be!reviewed!by!a!consultant!within!twelve!hours!
of!admission!
J!limit!nonJemergency!commitments!during!onJcall!periods!
J!junior!clinicians!be!trained!in!the!recognition!and!management!of!
critical!illness!and!that!senior!support!is!appropriate!to!their!
competence!and!experience!
J!CT!scanning/reporting!should!be!available!24!hours!a!day!
J!location!of!ongoing!care!should!be!appropriate!for!both!specialty!and!
presenting!condition,!avoiding!excessive!transfers!and!with!robust!
systems!of!handover!
J!clear!physiological!monitoring!plan!for!individual!patients!
An!Age!Old!
Problem.!A!review!
of!the!care!
received!by!elderly!
patients!
undergoing!
surgery!(Wilkinson!
et!al,!2010)!
J!National!compulsory!
participation!
J!all!patients!over!80!
who!died!within!30!
days!of!surgery!within!
a!1!year!period!
820!cases!assessed,!31%!were!abdominal!
procedures,!83%!were!emergency!procedures!and!
50%!died!within!the!first!seven!days!after!surgery!
239!of!who!required!emergency!laparotomy!
delays!in!operation!were!reported!in!31%!of!cases!
level!of!intraJoperative!consultant!supervision!was!
deemed!inadequate!in!one!third!of!cases!undertaken!
by!nonJconsultant!grades!
Medicine!for!the!Care!of!the!Elderly!(MCOP)!input!
was!infrequent!
J!routine!MCOP!for!elderly!patients!undergoing!surgery!
J!audit!delays!in!surgery!
J!nutritional!assessment!
J!temperature!monitoring/management!under!anaesthesia!
J!management!strategies!for!low!BP,!nonJinvasive!CO!monitoring!
J!ongoing!need!for!ITU!for!elderly!patients!
J!education!in!assessment!of!risk!factors!for!development!of!AKI!
J!pain!5th!vital!sign!J!guidance!on!recognition!and!treatment!
J!!greater!vigilance!of!patients!with!nonJspecific!abdominal!symptoms!
‘PeriJoperative!
Care!2011!
Knowing!the!risk’!
(Findlay!et!al,!
2011)!
J!all!operations!in!a!7J
day!period!
J!data!were!collected!
on!18,565!operations!!
J!detailed!case!note!
review!of!1026!cases!
were!also!reported!
(up!to!6!high!risk!
cases!per!hospital)!
J!Anaesthetists!deemed!20%!of!cases!high!risk!and!
these!cases!accounted!for!79%!of!deaths!
J!poor!documentation!of!predicted!risk!preJoperatively!
in!high!risk!
J!low!rates!of!intraJoperative!invasive!monitoring!!
J!only!22%!of!high!risk!cases!were!cared!for!in!
intensive!care!after!their!operation!
J!half!of!all!highJrisk!cases!who!died!never!went!to!
ICU!at!any!point!in!their!hospital!stay!
J!mortality!was!four!times!higher!in!patients!who!were!
not!transferred!to!their!ideal!discharge!location!after!
surgery!!
J!intraJabdominal!surgery!was!identified!as!one!of!the!
highest!risk!procedures,!emergency!laparotomy!
represented!the!highest!risk!procedure!in!this!group!
J!fiveJfold!increase!in!mortality!after!all!nonJelective!
intraJabdominal!surgery!(4.7%!versus!0.9%!after!
elective!intraJabdominal!surgery).!J!mortality!in!high!
risk!patients!after!nonJelective!intraJabdominal!
surgery!was!13.2%!
J!UK!wide!system!that!allows!rapid!and!easy!identification!of!highJrisk!
patients!
J!assessment!of!mortality!risk!included!on!consent!form!
J!improved!postJoperative!care,!sufficient!critical!care!beds!and!
pathways!
J!annual!report!of!highJrisk!workload!to!trust!board!
!
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1.4((((((Outcomes(after(Emergency(laparotomy(
The! term!emergency! laparotomy!has!come!to!describe!a!wide!range!of!unplanned!
intraJabdominal!general!surgical!procedures.!As!such!the!following!section!includes!
individual! summaries! of! published! data! for! outcomes! after! emergency! laparotomy!
and!outcomes!after!some!individual!procedures!that!fulfil!the!definition!of!emergency!
laparotomy!(e.g.!outcomes!after!emergency!colorectal!resection).!
Emergency! laparotomy! for! general! surgical! emergencies! represent! one! of! the!
highest! risk! procedures! undertaken! in! any! acute! hospital.! Using! two! UK! national!
databases,!Pearse!et!al!(2006)!reported!outcomes!after!over!4.1!million!procedures.!
Emergency! procedures! accounted! for! 29.7%! of! all! operations! with! an! overall!
mortality!of!5.4%!(versus!0.44%! for!all!elective!procedures).!The!study! identified!a!
highJrisk!group!of!patients!who!accounted! for!12.5%!of!all! cases!and!83.8%!of!all!
deaths.!Only! 15%! of! these! highJrisk! cases!were! admitted! to! the! ICU! immediately!
after! operation.!Mortality! was! highest! (41.2%)! in! patients! who!were! admitted! to! a!
general!ward!after!surgery!and!subsequently!required!unplanned!admission!to!ICU.!
The!three!highest!risk!procedures!were!emergency!aortic!surgery!(41.2%!mortality),!
emergency! large! intestinal! procedures! (mortality! 22.4%)! and! general! abdominal!
procedures!in!elderly!patients!or!those!with!complicating!conditions!(15.8%!mortality)!!
Outcomes! after! emergency! laparotomy! have! been! intermittently! reported! in! the!
literature! for! many! years.! Many! publications! relate! to! individual! procedures! or!
pathologies! that!may!require! laparotomy! in! the!course!of! their! treatment.! In!a!case!
series!of!1207!allJcause! laparotomies!by!a!single!surgeon! in!a!UK!centre,!Pollock!
reported!30Jday!mortality!after!emergency!laparotomy!of!22.8%!in!men!and!14.3%!in!
women,! rising! to!34.2%! in!men!over!65!years!and!18.3%! in!women!over!65!years!
(Pollock,! 1981).! Causes! of! death! included! haemorrhage,! sepsis,! cancer,!
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pancreatitis,! pulmonary! embolism,! respiratory/hepatic/renal! failure! and! surgical!
misadventure.!Complications!were!reported!in!47%!of!all!cases.!
In!an!observational!study!of!304!cases!of!emergency!surgery!for!peritonitis!or!bowel!
obstruction!overall!mortality!was!14%!(ManodJBroca,!1990).!Mortality!and! length!of!
stay! were! greater! with! increasing! delays! from! onset! of! symptoms! to! surgery.! For!
example! in! patients! aged! over! 80! years!mortality! in! those!who!were! operated! on!
within!12!hours!was!6%`!mortality!was!45%!in!patients!who!had!delays!of!more!than!
24! hours! (ManodJBroca,! 1990).! ! In! a! study! of! patients! aged! over! 80! years!
undergoing!emergency!laparotomy!Madsen!reported!mortality!of!39%!and!morbidity!
in! 71%! (Madsen,! 1993).!Similar! outcomes! have! been! observed! in! elderly! patients!
undergoing!emergency!laparotomy.!In!an!audit!of!102!patients!over!75!years!of!age!
undergoing!urgent!and!emergency!surgery,!laparotomy!had!the!highest!mortality!rate!
(12!out! of! 25! cases,! 48%`!Cook!et! al,! 1997).!Cook!and!Day! studied!107!Patients!
aged! 65! and! over! undergoing! emergency! laparotomy.!Hospital!mortality!was! 44%!
overall,!rising!to!100%!in!ASA!4!&!5!and!patients!over!85!years.!Increasing!age!was!
associated!with!mortality! regardless!of! comorbidities! (i.e.! age!was!an! independent!
risk! factor).! !ASA,!poor!condition,! inadequate! resuscitation!and!presence!of!sepsis!
were! also! associated! with! poor! outcomes! (Cook! &! Day,! 1998).! A! group! from! the!
same! centre! published! outcomes! after! surgery! for! patients! aged! over! 80! years!
reporting!a!hospital!mortality!of!42%!after!emergency!laparotomy!!(Ford!et!al,!2007).!
In! a! Spanish! study! of! 710! patients! over! 70! years! of! age! undergoing! emergency!
general!surgery,!mortality!was!22%,!and!48%!of!patients!suffered!at!least!one!postJ
operative!morbidity.!The! time! from!admission! to!operation!was! related! to!mortality`!
those!operated!on!less!than!72!hours!after!admission!had!a!mortality!of!15%,!those!
with! delays! of! more! than! 72! hours! after! admission! had! a! mortality! of! 27%!
(p=<0.0001).!Similarly,! time!from!onset!of!symptoms!to!admission!of!more! than!48!
! 44 
hours! was! associated! with! a! higher! mortality! (28%! versus! 16%`! Arenal! &!
BengoecheaJBeeby,!2003).!
Louis!et!al!studied!all!octogenarians!undergoing!major! intestinal!surgery,!observing!
1.7%!mortality! in!elective!surgery!versus!32.3%!in!emergency!surgery!(Louis!et!al,!
2009).! In! a! study! of! 292! patients! aged! 65! and! older! undergoing! emergency!
colorectal! procedures! hospital! mortality! was! 15%,! with! frequent! postJoperative!
complications! J! 35%.! Delay! to! operation,! age,! septic! shock,! blood! loss! and!
complications!were!associated!with!increased!postJoperative!mortality!(McGillicuddy!
et! al,! 2009).! In! an! observational! ! study! of! 94! patents! aged! over! 70! years! of! age!
undergoing!surgery!for!perforated!peptic!ulcers!(Su!et!al,!2010)`!comorbidities,!time!
from!emergency!room!to!operation!room!of!more!than!12!hours,!ASA!grade!4!&!5,!
periJoperative!blood! transfusion,!postoperative!morbidity!and!duration!of! ICU!stays!
more!than!five!days!were!significant!factors!!that!contributed!to!mortality!
A!significant!proportion!of!emergency!laparotomy!cases!are!for!diseases!of!the!large!
bowel! requiring! colorectal! resection.! In! a! large! study! of! outcomes! after! 7374!
operations! for!colorectal!cancer,!Tekkis!et!al! (2003)! identified!a!30Jday!mortality!of!
5.6%! for! elective! surgery! and! 14.0–19.3%! for! urgent! and! emergency! cases!
respectively.! More! recently! Faiz! et! al! (2010)! studied! UK! NHS! Hospital! Episode!
Statistics! (HES)! data! for! 102,236! urgent! and! emergency! colorectal! resections.!
Mortality! at! 30! days! for! urgent! and! emergency! cases! were! 13.3! and! 15.4%!
respectively`!and!oneJyear!mortality!was!34.7%!and!22.6%!respectively.! In!another!
UK!study!of!colonic!cancer!resections!using!data!from!the!UK!National!Cancer!Data!
Repository!(NCDR),!30Jday!mortality!after!elective!resections!was!5.8%,!versus!15%!
after!emergency!resections,!with!wide!variation!in!mortality!between!centres!(Morris!
et! al,! 2011).! A! study! from! Bath! observed! a! 16.9%! 30Jday! mortality! after! 124!
emergency! laparotomies!(Clarke!et!al,!2011).! !Mortality! rose! to!38%!in! those!aged!
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80!years!or!more.!Using!Portsmouth!Physiological!and!Operative!Severity!Score!for!
the!enUmeration!of!Mortality!and!Morbidity!(PJPOSSUM)!to!risk!adjust!outcomes,!the!
study!calculated!standard!morality!ratios!(SMR)!for!different!periJoperative!pathways.!
The!SMR!was!higher!for!patients!admitted!to!the!postJanaesthetic!care!unit!(PACU)!
and!then!to!a!general!ward,!than!those!admitted!to!the!intensive!care!unit!(ICU)!postJ
operatively!(0.82!vs!0.69).!
Similar!outcomes! for!emergency!bowel!surgery!have!been! reported! internationally.!
In!a!large!US!study!of!outcomes!after!elective!and!emergency!colorectal!operations,!
Ingraham! and! colleagues! reported! mortality! and! one! or! more! postJoperative!
complications!of!1.9%!and!23.9%!respectively!after!elective!surgery!in!comparison!to!
15.3%!and!48%!respectively!after!emergency!colorectal!procedures!(Ingraham!et!al,!
2010).!In!a!single!centre!study!from!New!Zealand,!Abbas!et!al!(2010)!studied!1712!
patients! undergoing! emergency! laparotomy! over! a! nineJyear! period.!Mortality!was!
12.9%! overall,! with! 33%! of! patients! suffering! complications.! The! presence! of!
comorbidities!was!associated!with! increased!mortality!and!morbidity.!Mortality!was!
highest!in!patients!with!mesenteric!(bowel)!ischaemia!(40%).!
Very! few! publications! look! at! longer! term! outcomes,! focusing! mostly! on! 30Jday!
and/or! hospital! mortality.! In! a! consecutive! case! series! of! 85! patients,! Awad! and!
colleagues! collected! outcomes! of! patients! presenting! to! a! single! UK! hospital! with!
conditions! that! required! emergency! laparotomy! (Awad! et! al,! 2012).! ThirtyJday!
mortality! was! 14%,! hospital! mortality! 16.5%,! 12Jmonth! mortality! 22.4%! and! 24J
month! mortality! 25.9%.! The! study! reported! morbidity! data,! but! did! not! use! a!
validated! system! for! defining! complication! data.! The! most! common! complications!
after! emergency! laparotomy! were! major! infection/sepsis,! cardiac! failure! and!
respiratory! failure.! Some! care! quality! measures! were! reported`! consultant!
anaesthetist! present! intraJoperatively! (59%),! consultant! surgeon! present! intraJ
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operatively! (73%),! postoperative! destination! (HDU! 19%,! ICU! 32%).! In! contrast! to!
other! studies,!mortality!was!higher! in! the!70J79! year!age! range! than! in! those!≥80!
years,! however! this! is! likely! to! reflect! the! small! sample! size! or! potentially! higher!
likelihood! of! palliative! nonJoperative! management! in! the! older! age! group.! An!
increased!oddsJratio!of!mortality!in!those!over!70!years!was!associated!with!ASA!of!
3!or!more,!sepsis,!reJoperation,!renal!dysfunction,!and!ICU/vasopressor!requirement.!
In! a! single! centre! study,! process! and! outcome! measures! from! 850! emergency!
laparotomy! operations! were! recoded! (Shapter! et! al,! 2012).! Hospital!mortality! was!
14%!and!30Jday!mortality!was!11%.!Compliance!to!some!measures!was!poor`!postJ
operative!intensive!care!was!available!for!only!36%,!21%!had!their!operation!on!the!
day!of!hospital!admission,!however!39%!had! their!operation!outJofJhours! (between!
17:00! and! 08:00)! suggesting! possible! delays! in! getting! patients! to! theatre.! In! a!
recent! large!multicenter! study,! outcomes! after! emergency! laparotomy! in! hospitals!
participating! the! American! College! of! Surgeons! National! Surgical! Quality!
Improvement! Program! (NSQIP)! were! recorded! (AlJTemimi! et! al,! 2012).! ThirtyJday!
mortality! was! 14%! in! 37,553! patients! undergoing! laparotomy.! ASA! grades! 4! &! 5,!
increasing!age,!functional!status,!disseminated!cancer!and!sepsis!were!significantly!
associated!with!mortality.!As!with!other!studies,!vascular!surgery!was!not! included,!
however!there!were!differences! in!definitions,! for!example! laparoscopic!procedures!
were! excluded! and! urgency! definitions! were! specific! to! each! health! system.!
Nevertheless,!mortality!was!very!similar!to!that!reported!from!the!UK!(Saunders!et!al,!
2012`!AlJTemimi!et!al,!2012).!
The! key! UK! publication! in! this! field! came! from! the! UK! Emergency! Laparotomy!
Network! (ELN).!The!ELN!was! formed! in!2010!with! the!aim!of! improving!outcomes!
after! emergency! highJrisk! general! surgery.! The! study! reports! outcomes! and! care!
measures! of! 1853! patients! in! 35! UK! NHS! hospitals! (Saunders! et! al,! 2012).!!
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Unadjusted!mortality!was!14.9%!and! increased!with!age,!being!highest! in!patients!
over! 80! years! (24.4%):! median! length! of! hospital! stay! was! 11! days.! ! Increased!
mortality!was! associated!with! increasing! age,! higher! ASA,! increased! urgency! and!
postJoperative!ICU!requirement.!The!study!classified!high!risk!groups!with!mortality!
over! 10%,! namely! patients! over! 60! years! of! age! and! ASA! functional! status! 3! or!
greater.! Interestingly,! mortality! was! higher! in! those! admitted! under!medicine! (and!
other! specialties)! than! those! admitted! under! surgery,! presumably! reflecting! the!
inherent! delays! associated! with! misdiagnosis! or! presentation! with! concurrent!
conditions.!Mortality!was!higher! for! those!operated!on! in! the!evening! (17.8%)!and!
nightJtime! (20.3%)! compared! to! those! operated! on! during!working! hours! (14.2%).!!
Despite! the! higher! risk! associated!with! operating! outJofJhours,! consultant! surgeon!
and!anaesthetist! involvement!was! less!during!antisocial!hours!than!normal!working!
hours.! !Mortality!varied!widely!between!centres! from!3.6%!to!41.7%.!However,! the!
Standardised!Mortality!Ratio!(SMR`!adjusted!for!age!and!sex),! for!all!hospitals!was!
below!two!standard!deviations!above!the!mean!SMR:!two!hospitals!were! less!than!
three! standard! deviations! below! the! mean! SMR,! of! interest! the! latter! were! highJ
volume!centres,!possibly!suggesting!a!relationship!between!frequency!of!cases!and!
better!outcome.!Process!measures!also!varied!widely!between!centres`! consultant!
surgeon! presence! in! theatre! varied! from! 40.6%! to! 100%,! consultant! anaesthetist!
present!in!theatre!between!25%!and!100%`!use!of!goal!directed!fluid!therapy!(GDFT)!
between! 0%! and! 63%.! There! was! varied! use! of! higherJcare! resources,! despite!
evidence!demonstrating!that! increased!access!to! intensive!care!beds! is!associated!
with! lower! mortality! after! emergency! general! surgical! admissions! (Symons! et! al,!
2013).! However! almost! all! patients! who! were! thought! to! need! ICU! or! high!
dependency!unit! (HDU)!care! received! it! (99%!and!89%! respectively).!A!significant!
proportion! of! patients! over! 60! years! and/or! ASA! 3! or!more! were! transferred! to! a!
general! ward! after! surgery:!mortality! in! this! group! was! 17.8%.! The! occurrence! of!
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complications!are!associated!with! increased! longJterm!mortality! (Khuri!et!al,!2005).!
Conversely,!increasing!admission!to!intensive!care!after!emergency!laparotomy!has!
the! potential! to! prevent!morbidity! or! treat! complications! promptly!when! they! occur!
(Jhanji!et!al,!2008`!Goldhill!&!Down,!2008).!Single!centre!UK!studies! lack!external!
validity,! studies! of! specific! operations/diseases! are! disease! (rather! than! process)!
specific,! and! those! from! overseas! represent! different! healthcare! systems.! These!
types!of!studies!are! less!valid! in!extrapolating! to! the!wider!UK!NHS!population.! In!
contrast,! as! a! multicentre! study! set! in! the! UK! NHS,! the! process! measures! and!
outcomes! after! emergency! laparotomy! reported! by! Sanders! et! al! (2012)! can!
reasonably!be!extrapolated!to!the!wider!NHS!population.!
It! has! been! estimated! that! over! 400! Office! of! Population! Censuses! and! Surveys!
Classification!of!Surgical!Operations!and!Procedures!(OPCS)!codes!could!be!termed!
‘emergency! laparotomy’! (Peden,!2011).!Moreover,!onJreview!some!of! these!codes!
may! not! be! an! inclusive! procedure.! It! is! therefore! extremely! problematic! and!
inefficient! to! use! hospital! coding! data! to! study! this! population.! Therefore,!
publications! studying! ‘emergency! laparotomy’! use! preJdefined! inclusion/exclusion!
criteria.! These! inclusion! and! exclusion! criteria! vary! widely,! most! exclude! vascular!
surgery! and! more! minor! and! routine! emergency! intraJabdominal! surgery! (e.g.!
appendicectomy! and! cholecystectomy).! The! most! explicit! inclusion! and! exclusion!
criteria!used!are! those!devised! for! the!Emergency!Laparotomy!Network!Audit! (see!
section!2.5`!Saunders!et!al,!2012).!!Published!shortJterm!outcomes!after!emergency!
laparotomy!are!consistently!poor,!with!evidence!of!varied!outcomes!between!centres!
and! examples! of! poor! care.! Inconsistencies! in! the! quality! of! care! presents! an!
opportunity!to! improve!care!with!the!potential! to! improve!mortality!outcomes.!Table!
1.2!details!a!summary!of!emergency!laparotomy!outcome!literature.!
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In!summary,!there!is!consistency!in!the!literature!relating!to!outcomes!of!emergency!
laparotomy!and!emergency!major!intraJabdominal!general!surgery.!There!is!a!
paucity!of!data!relating!to!specific!morbidity!outcomes!in!the!generalised!emergency!
laparotomy!population.!However,!in!more!specific!populations!(for!example!
emergency!colorectal!resections)!there!is!evidence!of!a!high!risk!of!mortality!and!
also!of!significant!morbidity.!Outcomes!after!emergency!laparotomy!are!clearly!much!
worse!than!after!equivalent!elective!procedures.!The!published!data!demonstrates!a!
marked!variation!in!outcomes!and!quality!of!care!between!individual!centres.!This!
variation!provides!a!great!opportunity!to!improve!care,!decrease!variation!and!
improve!outcomes.! !
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Table!1.2!Emergency!laparotomy!outcome!literature!
Publication! Methodology! Population! Outcomes!
Pollock!1981! Single!surgeon!case!series! 1207!allJcause!laparotomies!
30Jday!mortality!22.8%!in!men!and!14.3%!in!women!
Rising!to!34.2%!in!men!over!65!years!and!18.3%!in!women!over!65!years!
Complications!reported!in!47%!of!cases!
ManodJBroca,!1990! Single!centre,!observational!cohort!
304!cases!of!emergency!surgery!for!
peritonitis!or!bowel!obstruction!!
Overall!mortality!was!14%!
Delays!in!surgery!worsened!outcomes!
Patients!>!80!years!J!mortality!6%!if!operation!within!12!hours,!45%!if!operation!
delayed!for!>24!hours!
Madsen,!1993! Single!centre,!observational!cohort!
Patients!>80!years!undergoing!
emergency!laparotomy! Mortality!of!39%!and!morbidity!in!71%!
Cook!et!al,!1997! Single!centre,!observational!cohort,!UK!
102!patients!>75!years!of!age!undergoing!
urgent!and!emergency!surgery! Emergency!laparotomy!had!the!highest!mortality!rate!(12!out!of!25!cases,!48%)!
Cook!&!Day,!1998! Single!centre,!observational!cohort,!UK!
107!Patients!aged!>65!undergoing!
emergency!laparotomy!
Increasing!age,!ASA,!poor!condition,!inadequate!resuscitation!and!presence!of!sepsis!
were!associated!with!worse!mortality!
Ford!et!al,!2007! Single!centre,!observational!cohort,!UK!
All!patients!aged!>80!years!undergoing!
surgery!! Mortality!of!42%!after!emergency!laparotomy!
Arenal!&!BengoecheaJ
Beeby,!2003!
Single!centre,!
observational!cohort,!
Spain!
710!patients!>70!years!of!age!undergoing!
emergency!general!surgery!
22%!mortality,!28%!morbidity.!Time!from!admission!to!operation!<72!hours!mortality!
15%,!>72!hours!mortality!27%!
Pearse!et!al!2006! National!HES!database!study! 4.1!million!UK!surgical!procedures! Emergency!large!intestinal!procedures!J!mortality!22.4%!
Louis!et!al,!2009! Single!centre,!observational!cohort!
Octogenarians!undergoing!major!
intestinal!surgery! 1.7%!mortality!in!elective!surgery!versus!32.3%!in!emergency!surgery!
McGillicuddy!et!al,!2009! Single!centre!cohort! 292!patients!aged!>65!undergoing!emergency!colorectal!procedures!!
Hospital!mortality!was!15%,!morbidity!35%!
Delay!to!operation,!age,!septic!shock,!blood!loss!and!complications!were!associated!
with!increased!postJoperative!mortality!
Su!et!al,!2010! Single!centre!observational!cohort!
94!patents!aged!>70!years!undergoing!
emergency!surgery!for!perforated!peptic!
ulcers!
Increased!mortality!associated!with`!comorbidities,!time!from!emergency!room!to!
operation!>12!hours,!ASA!4!&!5,!periJoperative!blood!transfusion,!postoperative!
morbidity,!ICU!stay!>5!days!
Tekkis!et!al!2003! National!database!study,!UK! 7374!operations!for!colorectal!cancer!
Mortality!was!5.6%!for!elective!surgery!and!14.0–19.3%!for!urgent!and!emergency!
cases!respectively!
Faiz!et!al!2010! National!HES!database!study,!UK!
102,236!urgent!and!emergency!colorectal!
resections!
Mortality!after!urgent!and!emergency!cases!were!13.3!and!15.4%,!oneJyear!mortality!
was!34.7%!and!22.6%!respectively!
Morris!et!al,!2011! National!database!study,!UK!!
All!colorectal!resections,!UK!National!
Cancer!Data!Repository!(NCDR)!
Mortality!after!elective!resections!was!5.8%,!versus!15%!after!emergency!resections,!
with!wide!variation!in!mortality!between!centres!
Clarke!et!al,!2011! Single!centre!observational!cohort,!UK! 124!emergency!laparotomies! 16.9%!30Jday!mortality,38%!in!those!aged!80!years!or!more!
Ingraham!et!al,!2010! Multicentre!observational!cohort,!US!
US!study!of!outcomes!after!elective!and!
emergency!colorectal!operations,!
Ingraham!and!colleagues!reported!!
Mortality!and!one!or!more!postJoperative!complications!of!1.9%!and!23.9%!
respectively!after!elective!surgery!in!comparison!to!15.3%!and!48%!respectively!after!
emergency!colorectal!procedures!
Abbas!et!al!2010!
Single!centre,!
Observational!cohort,!
New!Zealand!
1712!patients!undergoing!emergency!
laparotomy!over!a!nineJyear!period!
Mortality!was!12.9%!overall,!with!33%!of!patients!suffering!complications.!The!
presence!of!comorbidities!was!associated!with!increased!mortality!and!morbidity.!
Mortality!was!highest!in!patients!with!mesenteric!(bowel)!ischaemia!(40%)!
Awad!et!al,!2012! Single!centre,!UK! consecutive!case!series!of!85!patients!undergoing!emergency!laparotomy!
ThirtyJday!mortality!was!14%,!hospital!mortality!16.5%,!12Jmonth!mortality!22.4%!and!
24Jmonth!mortality!25.9%!
Consultant!anaesthetist!present!intraJoperatively!(59%),!consultant!surgeon!present!
intraJoperatively!(73%),!postoperative!destination!(HDU!19%,!ICU!32%)!
Shapter!et!al,!2012! Single!centre,!observational!cohort,!UK! 850!emergency!laparotomy!operations!
Hospital!mortality!was!14%!and!30Jday!mortality!was!11%!
PostJoperative!intensive!care!was!available!for!only!36%,!21%!had!their!operation!on!
the!day!of!hospital!admission,!39%!had!their!operation!outJofJhours!
AlJTemimi!et!al,!2012! Multicentre!observational!cohort,!US!
37,553!emergency!laparotomy!from!
NSQUIP!database!
Overall!mortality!14%!
ASA!grades!4!&!5,!increasing!age,!functional!status,!disseminated!cancer!and!sepsis!
were!significantly!associated!with!mortality!
Saunders!et!al,!2012! Multicentre,!retrospective!observational!cohort,!UK!
Outcomes!and!care!measures!of!1853!
patients!undergoing!emergency!
laparotomy!in!35!UK!NHS!hospitals!
Unadjusted!mortality!was!14.9%!and!increased!with!age,!being!highest!in!patients!over!
80!years!(24.4%).!Median!length!of!hospital!stay!was!11!days.!!Increased!mortality!
was!associated!with!increasing!age,!higher!ASA,!increased!urgency!and!postJ
operative!ICU!requirement!
Mortality!varied!widely!between!centres!from!3.6%!to!41.7%.!
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1.5((Standards(of(Care(
In!2007!the!Association!of!Surgeons!of!Great!Britain!and!Ireland!(ASGBI)!published!
a!consensus!statement!on!emergency!general!surgery!(Association!of!Surgeons!of!
Great! Britain! and! Ireland,! 2007).! It! stated! that! “emergency! surgery! should! not!
become!a!“Cinderella!subspecialty”!which!has!suffered!in!response!to!political!focus!
on,! and! financial! reward! for! reducing! elective!waiting! times.! It!was! concluded! that!
there!is!“widespread!variation!in!the!quality!of!Emergency!General!Surgery”.!It!was!
also! noted! that! nationally! emergency! general! surgery! is! associated! with! a!
significantly!higher!workload!than!elective!general!surgery!and!constitutes!a!greater!
clinical!challenge,!concluding!“it!is!clearly!inappropriate!for!the!care!of!these!patients!
to!be!underJresourced”.! !A!call!was!made!for!dedicated!clinical! leadership! in!every!
Trust!for!emergency!surgical!admissions,!and!that!these!leaders!“must!be!provided!
with! the!necessary! time!and!resources!to!develop!and!maintain! the!services!which!
they! and! their! colleagues! are! responsible! for! providing”.! A! need! to! develop!
appropriate! standards! and!markers! to! inform! the! clinical! governance! process!was!
also!acknowledged.!!In!this!statement,!the!ASGBI!recognised!the!need!for!consultant!
expansion! to! accommodate! the! required! needs! of! these! patients.! This! was!
particularly!in!view!of!the!impact!of!the!EWTD!and!MMC!on!junior!surgical!training.!
They! highlighted! the! need! for! timely! access! to! radiological! diagnostics! (computed!
tomography! (CT)! and! ultrasound! scans! (USS))! and! access! to! theatre! (with!
appropriate! prioritisation).! They! finished!with! “ASGBI! supports! the! development! of!
outcomeJrelated! standards! of! care! in! Emergency! General! Surgery.! The! care! of!
emergency! surgical! patients! should! be! delivered! to! equal! standards! as! those!
accepted!for!elective!surgical!practice”.!
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Standards! for!emergency!surgery!were!published! in!2011!by! the!Royal!College!of!
Surgeons! of! England! (RCSE`! Royal! College! of! Surgeons! of! England,! 2011).! It!
commented! on! “suboptimal”! care,! variations! in! outcome!and! a! lack! of! investment.!
The! report! suggested! a! framework! through! which! commissioners! and! providers!
could!improve!quality!of!care!and!outcomes.!!Costs!were!recognised!as!high,!e.g.!in!
England!and!Wales!14,000!emergency! surgical! ITU!admissions!had!a!mortality! of!
25%!and!care!costs!were!£88!million!per!annum.!They!proposed!that!rapid!access!to!
imaging!and!adequately!staffed!emergency!theatres!“will!be!costJeffective!in!the!long!
term”! J! “Assessing,! prioritising! and! rapidly! treating! patients! requiring! emergency!
surgery!will! result! in! reduced!mortality,! fewer!complications,!shorter! lengths!of!stay!
and! provide! a! more! positive! experience! for! patients”.! A! chronic! “inadequate!
investment”! in!emergency!surgery!was!also!recognised,!due! to!a! focus!on!elective!
targets,! to! the! detriment! of! emergency! surgery.! Insufficient! resources! and! lack! of!
recognition! in! job! plans! had! led! to! a! lack! of! understanding! of! costs! and! how! to!
achieve!best!outcomes.!The!report!also!commented!on!training! issues,!namely!the!
enforced! reduction! in! hours! (due! to! the! EWTD! and! MMC)! leading! to! a! lack! of!
continuity! and! a! focus! on! service! provision.! Trainees! should! develop! emergency!
experience! to! achieve! the! required! competencies.! Drivers! for! change! were! made!
clear`!emergency!patients!were!the!sickest,!outcome!measures!were!lacking!and!the!
majority!of!mortality! (80%)!arose! from!emergencies,! therefore! there!was!scope! for!
improvement.!The! report!outlined!comprehensive!definitions!of!expected!and!bestJ
practice! standards,! aimed! primarily! at! commissioners,! planners! and! providers.!
These! included! times! and! grades! of! surgeon/anaesthetist,! target! times! to! theatre!
and!provision!of!postJoperative!intensive!care.!These!recommendations!were!stated!
more! explicitly! in! a! publication! from! the! RCSE! and! the! Department! of! Health,!
detailed!in!section!1.6!(Anderson!et!al,!2011).!!
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At!publication!Richard!Collins,!then!ViceJPresident!of!the!Royal!College!of!Surgeons!
and! Chair! of! the! Emergency! Surgery! Standards! Working! Group,! was! quoted! as!
saying,!!
“In! recent! decades,! UK! hospitals! have! been! encouraged! and! financially!
rewarded!to!reduce!waiting!times!for!planned!operations.!This!has!come!at!a!
cost!as!care!for!emergency!patients!has!been!institutionally!neglected.!These!
patients!are!often!left!languishing!while!they!wait!for!an!operation,!suffer!from!
a!lack!of!access!to!senior!doctors!and!receive!suboptimal!postJoperative!care.!
They!deserve!better.!We!have!to!put! this!right!and!GPs!are!now!in!a!strong!
position!to!support!hospital!colleagues!in!achieving!these!standards!by!voting!
with!their!feet!and!putting!resources!to!hospitals!which!provide!the!right!care.”!!
In!May!2012! the!ASGBI!published!a!statement!specifically!addressing! the!problem!
with! Emergency! General! Surgery! (Association! of! Surgeons! of! Great! Britain! and!
Ireland,! 2012).! The! report! commented! that! outcomes! were! “at! best! variable! and!
need!improving”,!resources!were!inadequate,!additional!resources!were!required!to!
implement! key!national! standards,!workload!was! increasing,! training!needed! to!be!
improved! and! there! needed! to! be! professional! recognition! and! remuneration!
appropriate!for!emergency!working.!The!report!also!commented!that!hospital! tariffs!
were! inadequate! and! should! reflect! the! true! expense! of! complex! highJrisk!
emergency!surgery.!In!the!years!leading!up!to!this!report!there!had!been!increased!
subJspecialisation!of!general!surgery!with!the!aim!of!improving!elective!outcomes,!it!
remained! unclear!who! should! provide! emergency! general! surgical! cover.! In!many!
centres!vascular!and!breast!surgery!have!been!separated,!and!those!specialists!do!
not! cover! general! surgical! emergencies.! This! surgical! subJspecialisation! and!
resultant! reJdistribution! of! manJpower! increases! the! complexities! of! providing!
comprehensive!general!surgical!cover! in!many!hospitals.!The!report!acknowledges!
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the!challenges!of!the!major!pathologies!presenting!to!acute!units!and!recognises!that!
the!emergency! laparotomy!group! is! significantly! the!higherJrisk!group,! going!on! to!
conclude! that! the!emergency! laparotomy! “group!still! carries!a!mortality!of!15%!but!
does! not! attract! attention! or! support! commensurate! with! the! risk! or! cost”.! The!
document!specifically!addresses!some!of!the!workJforce!planning!issues!(consultant!
care,! subspecialisation! (vascular,! breast,! small! hospitals,! large! hospitals,! separate!
on! call! for! upper! gastroJintestinal! (UGI)! and! lower! gastroJintestinal! (LGI)! surgery,!
reduced!junior!surgical!support,!the!increasing!requirement!for!junior!crossJspecialty!
cover!at!night!and! lack!of! junior!continuity.!The! report! states! that!surgical! trainees!
should! do!100! laparotomies!before! completion! of! training,!with! 50!of! these!as! the!
prime!operator,! it!does!not!mention! level!of!supervision.!The!report!also!advocates!
increasing!priority!for!emergency!general!surgery!training.!
In! August! 2013! RCSE! and! ASGBI! published! a! joint! statement! again! specifically!
addressing! the! problem! with! Emergency! General! Surgery! (Royal! College! of!
Surgeons!of!England!&!Association!of!Surgeons!of!Great!Britain!and!Ireland,!2013).!
Themes!again! included! inequalities! in!care!and!outcomes!between!centres,! lack!of!
availability! of! resources! (emergency! theatres,! diagnostic! investigations,! intensive!
care)!and!necessary!workforce,!prioritisation!and! timeliness!of!acute!surgical! care.!
They!called! for!NHS!England! to!establish!a! “Strategic!Clinical!Network! to!oversee!
the! delivery! of! safe,! efficient! care”.! They! proposed! specific! funding! streams! to!
reward!good!practice!(bestJpractice!tariffs)!and!the!development!of!local!operational!
networks!of!collaborating!NHS!trusts!to!ensure!efficient!provision!of!specialist!care.!
It!is!clear!from!these!reports,!and!those!from!NCEPOD,!that!poor!care!of!emergency!
surgical!patients!has!been!well!documented!for!many!years,!but!little!has!changed!at!
least! in! terms! of! consistently! identified! inadequacies.! Indeed,! there! is! surprisingly!
little! research! in! this! field! given! the! high! volume!and!documented! poor! outcomes.!!
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There! is! an! increasing! recognition! of! the! need! to! address! the! clinical! issues,!
resource! insufficiencies! and! the! inequalities! between! elective! and! unscheduled!
surgical! care.! However,! little! guidance! has! been! published! on! how! to! improve!
outcomes!for!patients!requiring!emergency!general!surgery.!!
The! specialist! surgical! societies! agree! there! is! a! significant! underJresourcing! of!
emergency! general! surgery.! This! is! supported! by! two! publications! looking! at!
incidence,! costs!and! remuneration!of! emergency! laparotomy!surgery.!Both!papers!
concluded! that!a!significant! funding!shortfall!exists! for!emergency!general!surgery,!
which!may!be!as!much!as!£6100!per!patient!(Shapter!et!al,!2012)!and!with!a!wide!
variation!in!cost!per!patient!between!different!Trusts!(Murray!et!al,!2012).!
(
1.6(Clinical(Guidelines(
In! 2011! the! UK! Department! of! Health! (DoH)! together! with! the! Royal! College! of!
Surgeons!of!England!(RCSE)!published!a!document!entitled!“The!higher!risk!general!
surgical!patient:!towards!improved!care!for!a!forgotten!group”!(HRGSP`!Anderson!et!
al,! 2011).! This! key! document! went! further! than! other! statements! from! national!
bodies,! as! it! outlined! a! clinical! framework! for! managing! highJrisk! nonJcardiac!
surgery.! It! defined! high! risk! as! a! predicted! mortality! of! ≥5%! in! both! elective! and!
unscheduled!cases.!It!did!acknowledge!that!the!unscheduled!(i.e.!emergency)!group!
comprised! a! significant! proportion! of! highJrisk! cases! and! that! care! for! emergency!
cases!was!particularly!resource!intense.(The!document!went!further!than!any!before!
(or!indeed!after)!to!set!out!specific!standards!of!clinical!care.!The!recommendations!
included:!formalised!pathways!for!unscheduled!care`!clear!diagnostic!and!monitoring!
plans! on! admission`! prompt! recognition,! escalation! and! treatment! of! emergencies!
and! complications`! timely! emergency! theatre! access`! risk! prediction`! “active”!
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consultant! input! for! those!with!a!predicted!mortality! risk!of!≥5%`! “direct”!consultant!
input! for! those! with! a! predicted! mortality! risk! of! ≥10%`! an! endJofJsurgery! care!
bundle`! critical! care! for! those!with!a!predicted!mortality! risk!of!≥10%`!and!national!
audit!of!outcomes!(Anderson!et!al,!2011).!The!guideline!gave!an!example!of!a!care!
pathway! for!unscheduled!(urgent,!emergency!and!expedited)!general!surgery.!This!
pathway!was!detailed!and!accounted!for!differing!illness!severity!and!urgency.!!As!a!
result,!it!was!lengthy!and!complex!which!may!have!limited!its!transferability!and!ease!
of!implementation.!
All!highJrisk!surgical!cases!are!at!risk!of!postJoperative!complications!and!death.!The!
implications! of! postJoperative! complications! are! lifeJthreatening! and! far! reaching!
(Khuri!et!al,!2005).!PostJoperative!complications!can!be!due! to!bleeding,! infection,!
pain,!nausea!and!vomiting,!dehydration/over!hydration,!thromboembolic!events,!ileus!
and! surgical! wound/anastomotic! breakdown.! Some! complications! are! chance!
occurrences,!others!are!related!to!suboptimal!periJoperative!care,!leading!to!missed!
opportunities! to! minimise! impact! and! maximise! outcome.! All! elective! surgical!
patients! are! at! risk! of! developing! postJoperative! complications! leading! to! surgical!
emergencies.! Emergency! surgical! admissions! are! at! risk! of! critical! illness! and!
deterioration.!In!both!cases,!these!groups!require!assessment,!onJgoing!monitoring,!
recognition! of! deterioration! and/or! severe! illness,! escalation! of! care,! investigation,!
treatment! and! definitive! management! (often! emergency! surgery).! The! RCSE/DoH!
guidelines! addressed! these! issues! as! a! common! factor! in! all! highJrisk! general!
surgical! patients.! The! guidelines! delineated! pathways! for! continued! and! dynamic!
assessment!of!patients!using!early!warning!scores,!as!recommended!by!the!National!
Institute! for! Health! and! Clinical! Excellence! (NICE).! Detailed! evidence! supporting!
these!recommendations!are!discussed!in!section!1.9.1.!!
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The! guidelines! recommend! a! specific! responses! and! timeline! for! varying! illness!
severity! in! highJrisk! general! surgical! cases,! as! a!minimum!standard.! ! For! patients!
with! a! “low”! triggering! early! warning! score! assessment! by! a! junior! surgeon!
(foundation!year!1!or!2,!or!core!trainee!year!1!or!2)!within!one!hour!is!adequate.!For!
patents!with!a!“medium”!triggering!early!warning!score!patients!should!be!reviewed!
within! 30!minutes! by! a!more! senior! ‘postJmembership’! trainee! (a! trainee!who! has!
attained!Membership!of! the!Royal!College!of!Surgeons!(MRCS)!or!equivalent).!For!
patients! with! “high”! triggering! early! warning! scores! immediate! assessment! by! a!
MRCS! level! surgical! trainee!and!critical! care! is! recommended.! !There! is!no!direct!
evidence!to!support!these!recommendations!and!they!are!presented!in!the!guideline!
as!expert!opinion,!in!keeping!with!other!national!recommendations!(NICE,!2011).!
HighJrisk! surgical! patients! are! at! risk! of! periJoperative! sepsis,! particularly! in! the!
emergency! setting! (Green! et! al,! 2013).! The!RCSE/DoH! guidelines! focussed! on! a!
graded! response! to! sepsis! in! surgical! patients,! in! line! with! existing! international!
guidelines!(Dellinger!et!al,!2008).!!In!addition!to!antibiotic!and!fluid!management,!the!
HRGSP! guidelines! recommended! a! graded! intervention! timescale,! based! on! the!
severity!of! sepsis.!For!patients!with!septic!shock! it!was! recommended! that! source!
control! (i.e.! surgical! intervention)!be!undertaken!within!a!maximum!of! three!hours.!
For! patients! with! severe! sepsis! the! guidelines! recommended! source! control! be!
undertaken!within!a!maximum!of! six!hours.!For!patients!with! sepsis!without! organ!
dysfunction! the! guidelines! advocated! surgery! within! a!maximum! of! 18! hours.! For!
patients!with!infection!and!no!systemic!inflammatory!response!it!was!recommended!
that!surgery!be!carried!at!a!time!convenient!for!resources,!provided!appropriate!onJ
going! assessment! and! monitoring,! with! prompt! alteration! of! a! management! plan!
should!sepsis!ensue.!A!detailed!discussion!of!surgical!sepsis!management!and!the!
timing! of! emergency! general! surgery! are! discussed! in! sections! 1.9.2! and! 1.9.3.!
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Again! these! recommendations!are!pragmatic,! there! is! very! little! direct! evidence! to!
support!the!recommended!timelines.!
The! HRGSP! guidelines! also! recommended! that! all! patients! be! assessed! preJ
operatively!for!risk!of!mortality!and!that!care!was!escalated!appropriately!for!higher!
risk!patients.!The!guidelines!recommended!using!PJPOSSUM!to!predict!preoperative!
mortality! risk,! estimating! operative! parameters! (see! section! 1.11),! The! guidelines!
also!recommended!that!patients!with!an!estimated!risk!of!mortality!of!greater!that!5%!
should!have!“active”!input!from!responsible!consultants!periJoperatively.!For!patients!
with!a!predicted!risk!≥10%!it!was!recommended!that!they!receive!“direct”!care!from!a!
consultant! surgeon! and! consultant! anaesthetist! during! their! operation.! Consultant!
input! is! discussed! further! in! section! 1.9.6.! The!guidelines! also! recommended! fluid!
management! using! a! cardiac! output! monitor,! although! with! little! detail! of! which!
targets! to! aim! for! and! how! to! optimise! fluid! status.! Goal! directed! fluid! therapy! is!
discussed!in!further!detail!in!section!1.9.4.!!The!final!area!of!focus!in!the!Higher!Risk!
General! Surgical! Patient! guidelines! dealt! with! postJoperative! destination.! The!
guidelines! recommended! that! patients! with! a! predicted! mortality! at! the! end! of!
surgery! of! ≥10%! should! be! cared! for! in! intensive! care! or! an! area! capable! of!
providing! equivalent! level! or! care! (e.g.! Post! Anaesthetic!Care!Unit).! Section! 1.9.5!
discusses! postJoperative! destination! in! further! detail.! ! The! HRGSP! document!
concluded! that,!while! there!are!established!diseaseJspecific! (e.g.!emergency!aortic!
surgery)! and! complicationJspecific! interventions! (e.g.! venous! thromboembolism),!
there! is! a! lack! of! overall! strategy! for! all! patients! at! high! risk! of! death! and!
complications!after!highJrisk!general!surgery!(Anderson!et!al,!2011).!Thus,!high!risk!
general! surgical! cases!are! at! risk! of! a! set! of! common!potential! complications! that!
may!lead!to!death,! including:!pathological!risks!(e.g.!sepsis,!bowel! ischaemia)`!and!
organisational! risks! (e.g.! failure/delay! in! recognition/treatment/! investigation! or!
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intervention,! inadequate! seniority! of! staff,! inadequate! level! of! postJoperative! care).!
Interventions! to! improve! care! should! address! these! areas.! The! recommended!
clinical!pathway!was!detailed!but!complex,!which!presented!additional!challenges!for!
implementation.!Simplification!of!the!recommendations!into!achievable!defined!goals!
should!facilitate!successful!implementation.!
1.7!((((Quality(Improvement(in(Healthcare!
W! E! Deming! (1900J1993)! is! considered! by! many! to! be! the! father! of! quality!
improvement! science.! He! is! credited! with! transforming! quality! in! industrial!
manufacturing! in! the!US! during!World!War! II,! in! postJwar! Japan,! and! at! the! Ford!
Motor! company! in! the! 1980’s.! ! He! adapted! statistical! control! methods! originally!
developed! by! Walter! Shewhart! (a! statistician! at! Bell! laboratories).! Shewhart!
developed! control! charts! that! allowed! the! monitoring! of! a! system! and! identified!
commonJ! and! specialJcause! variation! (see! section! 1.7.3).! Deming! developed! a!
theory!of!“profound!knowledge”.!For!profound!knowledge!of!a!particular!system!we!
must! have:! an! appreciation! of! the! system`! knowledge! of! the! variation! within! that!
system`! a! theory! of! knowledge! (including! its’! concepts! and! limitations)`! and!
knowledge! of! psychology.! Deming! theorised! that! profound! knowledge! is! a! preJ
requisite!to!improvement!within!a!system.!He!also!described!the!PDSA!cycle!(plan,!
do!study,!act)!described!in!section!1.7.1.!
Quality! in! healthcare! is! not! a! new! concept.! Avenedis! Donabedian! described! the!
evaluation!of!quality!in!medical!healthcare!(Donabedian,!1966).!He!described!quality!
in! healthcare! in! terms! of! three! distinct! domains`! structure,! process! and! outcome.!
Outcome! measures! are! often! the! mainstay! of! assessment! of! the! quality! of! a!
healthcare!service.!Donabedian!discussed!the!necessity!and!limitations!of!outcome!
measures!as!an!evaluation!of!quality.!Some!outcome!measures!(e.g.!mortality)!are!
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concrete,!unambiguous!and!relatively!easy!to!measure,!others!(e.g.!patientJreported!
outcomes! or! morbidity)! are! less! wellJdefined.! Outcomes! give! an! aggregate!
assessment!of!a!hospital!performance!in!a!given!area.!However,!they!lack!specificity!
for!the!quality!of!underlying!care!and!do!not!give!an!assessment!of!the!processes!of!
care!and!the!underlying!healthcare!structure!that!lead!to!the!outcomes.!For!example,!
all!highJrisk!emergency!surgical!cases!are!at!risk!of!adverse!outcomes!(morbidity!or!
mortality).! Therefore,! the! rate! of! adverse! outcome! alone! cannot! be! used! as! a!
measure! of! the! quality! of! care! in! an! institution.! To! assess! quality! of! care! key!
processes!must! be! identified.! Compliance! to! key! care!measures!must! be! studied!
alongside!outcome!measures.!
Examining! the! process! and! structureJdrivers! of! a! particular! outcome! is! a! useful!
method!in!identifying!areas!for! improvement.!This!approach!allows!the!construction!
of! driver! diagrams! that! define! the! primary! and! secondary! drivers! of! the! desired!
outcome,! thereby! providing! a! structure! for! focusing! on! areas! for! quality!
improvement.!An!example!of!a!driver!diagram!is!shown!in!figure!1.1.!
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!
Figure( 1.1! Example! of! a! driver! diagram! for! improving! outcomes! for! elderly!
emergency!surgical!patients!(Peden,!2011).!
Biomedical! scientific! research! is! essential! to! further! knowledge!and!understanding!
and! focus!on! the!development!of!new! treatments!and! interventions.! !This!answers!
the! question! of!why. we! should! focus! clinical! trials! on! a! specific! subject.! This! is!
ideally!suited!to!the!goldJstandard!randomised!control!trial.!
Clinical! scientific! research! is! essential! to! answer! the! question! of!what. is! the! best!
evidenceJbased! treatment! in! the! clinical! setting! (i.e.! translation! of! biomedical!
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research! into! the! clinical! setting).! Again,! this! is! ideally! suited! to! the! goldJstandard!
randomised!control!trial.!
However,!there!can!be!a!long!delay!between!realisation!of!new!knowledge,!and!thus!
identification!of!bestJcare,!and!implementation!of!that!care.!One!often!quoted!study!
reports! a! 17Jyear! delay! between! new! knowledge! and! widespread! implementation!
(Balas!&!Boren,!2000).!This!delay!exemplifies!the!importance!of!quality!improvement!
systems!to!implement!evidenceJbased!practice!and!improve!care.!
Quality! improvement! science! answers! the! question! of! how. bestJevidence! is!
translated! and! implemented! to! the! benefit! of! all! patients! and! not! just! those! in!
research!centres.!In!other!words,!it!is!already!established!why!and!what!we!need!to!
do,! what! is! now! needed! is! a! method! of! reliably! translating! that! knowledge! into!
improving!the!health!of!patients!in!realJworld!dayJtoJday!medicine.!
A! review! of! quality! improvement! methodology! and! its! use! in! Intensive! Care!
concluded!that!"Quality!improvement!methodology!and!application!does!not!threaten!
evidenceJbasedJmedicine,! indeed! quality! improvement! is! about! the! reliable,! safe,!
effective,! efficient! and! timely! delivery! of! the! best! evidenceJbased! treatment! for! a!
patient"!(Peden!&!Rooney!2009).!
 
1.7.1, The,Model,for,Change,
The!PDSA!cycle!was!originally!described!by!Shewhart!(1931)!and!further!developed!
by!Deming!.!The!PDSA!cycle!has!subsequently!been!described!and!recommended!
for!use! in! the!healthcare!setting!(Berwick,!1996`!Langley!et!al,!2009`!NHS!Institute!
for!Innovation!and!Healthcare!Improvement,!2012).!The!four!stages!are:!
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Plan, J!! Plan!the!change!to!be!tested!or!implemented!!
Do, J! Carry!out!the!test!or!change!
Study,J! Studying!the!data!before!and!after!the!change!and!reflect!on!what!was!
learned!
Act, J( Plan!the!next!change!cycle!or!full!implementation!based!on!what!has!
been!learned.!
!
Figure(1.2!The!Plan!Do!Study!Act!Cycle!(NHS!Institute!for!Innovation!and!
Healthcare!Improvement,!2012)!
The!model!for!improvement!(Langley!et!al,!2009)!adds!further!questions!to!the!PDSA!
cycle:!
1.! What!are!we!trying!to!accomplish?!
2.! How!will!we!know!that!a!change!is!an!improvement?!
3.! What!changes!can!we!make!that!will!result!in!an!improvement?!
The! model! for! improvement! has! been! adopted! by! international! healthcare!
improvement!programmes!and!organisations! (Surviving!Sepsis!Campaign,! Institute!
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for! Healthcare! Improvement! (USA),! Health! Foundation! (UK),! NHS! Institute! for!
Innovation.and.Improvement.(UK),.and.the.Kings.Fund)..
1.7.2( Measurement(of(Change!
To!execute!the!PDSA!cycle!we!must!measure!processes.!This!in!itself!is!a!significant!
challenge!and!can!create!resistance!to!improvement!initiatives.!Solberg!et!al!(1997)!
describe! three! faces! of! measurement`! improvement,! accountability! and! research.!
Measuring!performance! in!healthcare! for!accountability!and! league!tables!can! lead!
to! secular! improvement,! however! it! can! lead! some! clinicians! to! be! resistant! to!
measurement,!change!and!thus!improvement.!Therefore,! in!order!for!measurement!
to! be! successful! in! quality! improvement! it! must! focus! on! improvement! and! not!
accountability.!
In! 2008! Lord! Darzi! (the! then! Parliamentary! Under! Secretary! of! State! and! Health!
Minister)!delivered!his!report!entitled!“High!Quality!Care!for!All”! to! the!government.!
This!report!signified!the!beginning!of!a!change!in!political!priority,!a!move!from!speed!
of!care!as!the!primary!measure!of!success!(e.g.!reducing!waiting!times)!to!a!quality!
measurement!approach!(Department!of!Health,!2008).!It!states,!"In!order!to!work!out!
how!to!improve!we!need!to!measure!and!understand!exactly!what!we!do".!!
Measurement! in! improving! quality! in! healthcare! should! include! outcomes! and! the!
structure! and! processes! leading! to! those! outcomes! (Donabedian,! 1966).!
Measurement! should! also! include! balancing! measures! to! assess! unintended!
consequences!and!associated!losses!(Peden!&!Rooney,!2009).!
1.7.3( Statistical(Process(Control(in(Healthcare!
Historically,! statistical! analysis! in! healthcare! has! relied! on! comparative! statistical!
analysis! of! aggregated! groups.! To! minimise! confounding! variable! between! these!
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groups!they!should!be!randomised,!matched!or!consist!of! large!cohorts.!Traditional!
comparative!statistics!lend!themselves!well!to!scientific!research.!The!accepted!gold!
standard!in!healthcare!research!is!the!blinded!randomised!control! trial.!This!design!
of! research! is!considered! the!best!quality!of!evidence!as! it!minimises!confounding!
variables!and!potential!bias.!It!is!the!gold!standard!in!testing!new!treatments!against!
established!ones.!
Quality! improvement! is! exemplified! by! the! implementation! of! best! evidenceJbased!
care!in!the!realJworld!healthcare!setting.!Scientific!evaluation!in!quality!improvement!
is! not! and! should! not! be! designed! to! test! the! intervention,! but! more! to! monitor!
changes! in! process! and! outcome! over! time,! making! repeated! efforts! to! maintain!
improvement! and! address! inadequacies.! Therefore,! a! statistical! analysis! must!
include!methods!that!reflect!these!aims!and!objectives.!
In!comparative!statistical!analysis!of! two!cohorts! (e.g.!pre!and!post! intervention)!a!
simple! bar! chart! depicting! compliance! to! a! process! measure! or! outcome! gives!
limited! information.! Improvement! and! quality! are! dynamic! processes! and,! in! this!
context,!traditional!comparative!statistical!analysis!of!two!cohorts!can!be!misleading!
(as!in!realJworld!observational!qualityJimprovement!data!cohorts!are!not!necessarily!
matched! and! confounding! variables! inevitably! exist).! As! such,! traditional!
comparative! statistics!may! unintentionally! overJ! or! underJestimate! effectiveness! or!
miss! changes! over! time,! and! therefore! cannot! assess! the! impact! of! a! quality!
improvement!intervention.!
Run.charts.are!a!simple! tool! for!displaying!consecutive!variables!and!give!a!visual!
display!of!changes!and!trends!over!time!(Perla!et!al,!2011).!The!data!are!displayed!
around! the!median!value,!plotted!as!a!central! line.!They!do!not!however!allow! the!
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calculation!of!control!limits,!or!any!assessment!of!the!significance!of!any!changes!or!
trends!in!comparison!to!the!natural!variation!in!a!process!or!outcome!variable.!
Control.charts!are!similar!to!run!charts`!they!depict!consecutive!variables!(and!their!
trends)!over!time!yet!have!more!complex!analyses!built!within!them.!Data!are!plotted!
around!the!mean!value!(plotted!as!a!central!line)!and!analysis!of!variation!over!time!
allows!calculation!and!plotting!of!confidence!limits.!Upper!and!lower!confidence!limits!
are!set!at!threeJsigma.!Sigma!is!a!measure!of!variation!around!the!mean!over!time,!
in! contrast! standard! deviation! as! a!measure! of! distribution! around! the!mean! of! a!
cohort!sample!(Mohammed!et!al.!2001).!!Any!system!has!natural!variation!within!it,!
some!of!this!will!be!an!inevitable!consequence!of!the!processes!involved!(common.
cause.variation).!Other!variation!can!be!attributed!to!specific!causes!outside!natural!
variation!(i.e.!an!adverse!event).!This!is!termed!special.cause.variation!and!signifies!
a!significant!change!in!a!system.!Special!cause!variations!include:!any!value!outside!
the! 3Jsigma! confidence! limits! above! or! below! the! mean`! five! consecutive! values!
below!the!mean`!seven!consecutive!values!in!an!upward!or!downward!trend.!Plotting!
control! charts! with! these! simple! rules! allows! rapid! identification! of! changes! in! a!
system,!prompting!analysis!of!the!causes!of!change!and!actions!to!rectify!any!factors!
requiring!change!in!order!to!effect!improvements.!SPC!charts!have!been!developed!
for!use!with!continuous!data,!where!every!consecutive!data!point!is!plotted!over!time!
(for! example! length! of! hospital! stay,! figure! 1.3).! For! these! types! of! charts! the!
average!range!between!consecutive!points!is!used!to!calculate!control! limits!and!is!
therefore! termed! a! mean! moving! range! chart! (XMR).! ! Some! healthcare! data! is!
binary!(for!example!receiving!a!treatment!or!suffering!a!complication!–!true!or!false).!
This! binary! data! is! termed! attributes! data.! To! create! a! run! chart,! the! patients! are!
grouped! into!either!a!specified! timeJperiod! (e.g.!monthly)!or!a!specified!number!of!
consecutive!patients!(e.g.!every!10!consecutive!patients).!The!proportion!of!patients!
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in! each! group! receiving! compliant! care! or! suffering! a! complication! are! plotted!
consecutively.! The! confidence! limits! are! then! calculated! from! this! running! data.!
These!charts!are!termed!pJcharts!and!allow!SPC!analysis!of!binomial!data.!
!
Figure(1.3!Example!control!chart!of!length!of!stay!of!consecutive!surgical!cases.!
Control! charts! are! useful! in! displaying! data! over! time! and! identifying! significant!
trends! or! changes! in! a! system.! They! do! not,! however,! account! for! confounding!
variables! in! unmatched! cohorts.! RiskJadjusted! control! charts! use! predicted! (or!
expected)! outcome! variables! to! adjust! for! the! observed! outcome.! These! riskJ
adjusted!outcome!figures!are!summated!over!time!and,!when!plotted!consecutively,!
depict! trends!over! time! (Grigg!et!al,!2003`!Biswas!&!Kalbfleisch,!2008).!These!are!
termed! observed:expected! cumulative! sum! charts! or! O:E! CUSUM! charts.! The!
change! over! time! depicts! the! real! performance! in! relation! to! the! predicted!
performance!(prediction!model).!A!stable!system!with!an!accurate!prediction!model!
would! result! in! fluctuations!around! the!baseline.!A! system!which! is! outJperforming!
the!prediction!model!would! result! in!an! increase! in!cumulative!scores!over! time,!a!
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system! which! is! performing! worse! than! the! prediction! model! would! result! in! a!
decreasing! cumulative! score! over! time.! In! addition,! the! rate! of! change! can! be!
compared!between!cohorts.!
1.7.4( Examples(of(Quality(Improvement(initiatives(in(other(clinical(settings(
Publication!of!process!and!outcome!data!has!been!used!effectively! in!other!clinical!
settings.! In! the! wake! of! the! Bristol! Heart! Enquiry! significant! national! efforts! have!
been!made! to! improve!outcomes!after! cardiac! surgery.! In!2001! the!public! enquiry!
into! outcomes! after! cardiac! surgery! at! the! Bristol! Royal! Infirmary! prompted!
publication! of! surgeonJspecific! outcomes.! A! 2007! study! of! 25,730! cardiac!
procedures! demonstrated! that! mortality! after! publication! of! surgeonJspecific!
outcomes! was! less! than! before! publication! (2.4%! vs! 1.8%,! p=0.014),! despite! an!
increase! in! the! proportion! of! high! risk! cases! after! publication! of! outcomes!
(Bridgewater!et!al,!2007).!In!a!more!recent!publication!of!national!data,!mortality!after!
coronary! artery! bypass! grafting! had! reduced! by! 25%! between! 2001! and! 2008!
(Bridgewater! et! al,! 2011).! Publication! of! outcomes! provides! transparency! and!
comparability!of!care!between!centres!and!individuals.!This!has!focused!clinicians!on!
their!patients’!clinical!processes!and!created!a!culture!of!continual!improvement.!!
In!contrast!to!emergency!laparotomy,!cardiac!surgery!is!predominantly!elective,!with!
little!resultant!handJover!between!surgeons,!and!a!relatively!homogenous!population!
of!a!handful!of!procedures.!Many!conditions!that!result!in!the!need!for!an!emergency!
laparotomy! develop! over! time,! with! various! pathways! of! presentation.! SurgeonJ
specific!data!in!the!emergency!laparotomy!population!is!fraught!with!the!problems!of!
which!surgeon!to!record!for!which!outcome!–!the!admitting!surgeon!or!the!operating!
surgeon.! Neither! can! be! held! solely! responsible! for! the! patients’! outcome! if! they!
have!not!been!responsible!for!the!entire!care!of!the!patient!throughout!their!hospital!
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stay.! This! is! often! not! the! case! with! onJcall! patterns.! Therefore,! unit! specific!
outcomes!would!appear!to!be!a!better!comparable!measure!of!care.!
In!emergency!surgery!for!fractured!neck!of!femur!(NOF)!compulsory!data!collection!
and!publication!of!unitJspecific!data!has!been!launched!(Currie!et!al,!2012).!The!UK!
National! Hip! Fracture! Database! is! a! joint! result! of! collaborative! work! between!
orthopaedic! surgeons,! anaesthetists! and! geriatricians.! Data! collection! has! led! to!
some!units!reporting!a!reduction!in!mortality!and!length!of!hospital!stay!(Gunasekera!
et! al,! 2010).! Patients! presenting! with! hip! fracture! share! similarities! with! patients!
presenting! for! emergency! laparotomy,! for! example! they! are! often! elderly! with!
multiple! comorbidities.! The! National! Hip! Fracture! Database! is! a! good! example! of!
groups! of! clinicians! coming! together! to! agree! best! practice! and! then! ensuring!
widespread! implementation.! There! have! been! attempts! to! emulate! this! by! the!
Emergency! Laparotomy! Network! (ELN)! Audit! (Saunders! et! al,! 2012)! and! the!
upcoming!National!Emergency!Laparotomy!Audit!(NELA)!which!is!due!to!start!data!
collection!in!2013!(www.nela.org.uk).!
1.7.5( Standards( for( Quality( Improvement( Reporting( Excellence( (SQUIRE)(
guidelines(
Davidoff! et! al! (2008)! published! guidelines! for! the! reporting! of! healthcare! quality!
improvement.! These! were! developed! from! previously! published! draft! guidelines!
(Davidoff! &!Batalden,! 2005)! and!were! the! result! of! an! expert! consensus! process.!
The!guidelines! include! recommendations!on! required!elements! for! robust! reporting!
of!quality! improvement! research.!The!recommended!elements! include`!background!
details!of!what!is!known!already,!the!local!problem,!intended!improvement!and!study!
question,! methods! (including! ethical! issues,! setting,! planning,! evaluation! and!
analysis),! results! (including! outcomes,! course! of! interventions! and! changes! in!
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process!of!care),! conclusions!and! limitations.!These! reporting!guidelines!provide!a!
framework!for!planning!healthcare!quality!improvement!programmes.!
1.8(((Royal(Surrey(County(Hospital!(RSCH)(Pilot(project(
In! October! 2010! at! RSCH,! data! were! collected! for! the! voluntary! Emergency!
Laparotomy! Network! (ELN)! Audit.! The! RSCH! was! one! of! 35! NHS! hospitals! who!
contributed!data!to!this!voluntary!audit!(Saunders!et!al,!2012).!The!RSCH!submitted!
data! on! 57! consecutive! emergency! laparotomies! in! the! threeJmonth! period,! and!
contributed!to!the!1857!cases!published!by!the!ELN!in!2012!(Saunders!et!al,!2012).!
The!results!from!each!of!the!35!participating!hospitals!were!plotted!on!a!funnel!plot!
depicting! standardised! mortality! ratios! versus! expected! mortality.! Hospitals! were!
anonymised.!However,! each!hospital!was! informed!of! their! code`! the!RSCH!Code!
was!AZ!(see!figure!1.4).!Within!this!group!30Jday!mortality!was!22%!at!the!RSCH.!
!
Figure( 1.4! Emergency! Laparotomy! Network! (ELN)! Audit! Funnel! plot! showing!
standardised!mortality!ratios.!The!RSCH!is!coded!AZ!(Saunders!et!al,!2012).!!
!
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A!group!of! interested!clinicians!at!RSCH!developed!a!care!pathway! to!guide! (and!
document)!the!care!of!patients!undergoing!emergency!laparotomy!surgery,!with!the!
aim! of! reducing! mortality.! The! pathway! addressed! inconsistencies! highlighted! by!
local!audit!and!was!aimed!as!a!guide! for!optimal!care! for! junior!doctors!assessing!
and! preparing! patients! for! emergency! surgery.! The! pathway! was! developed! and!
ratified! at! numerous! multidisciplinary! meetings! and! by! the! hospital’s! Safety!
Committee.!The!pathway!is!detailed!in!appendix!1.!!Inclusion!and!exclusion!criteria!
were! the! same!as!used! for! the!Emergency!Laparotomy!Network!Audit.!Data!were!
collected!on!consecutive!emergency! laparotomy!cases!between!October!2011!and!
January!2012.!The!pathway!was! introduced! in!February!2012,!after!a!campaign!of!
emails,!presentations!and! teaching!sessions.!Data!were!collected! for! three!months!
after! introduction! and! comparisons!made!with! the! baseline! data.! The! dataset!was!
similar!to!that!collected!by!the!Emergency!Laparotomy!Network!Audit.!
!
Table!1.3!shows!demographic!and!outcome!data!before!and!after!implementation!of!
the!pilot!pathway.!!The!two!small!observational!cohorts!were!of!similar!age,!degree!
of!urgency!and!type!of!operation.!The!project!was!presented!as!an!oral!presentation!
at! the! Association! of! Anaesthetists! of! Great! Britain! and! Ireland! Annual! General!
Meeting,!Bournemouth,!September!2012!(Huddart!et!al,!2012).!
(
(
(
(
(
(
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Table(1.3!Royal!Surrey!County!Hospital!Emergency!Laparotomy!Pathway!Pilot!Audit!
Table!of!results.!(MannJWitney!U!test!for!continuous!variables.!Fishers!exact!test!for!
binary!variables,!chiJsquared!test!for!categorical!variables*)!
! Pre(pathway((48)( Post+implementation((53)( P(value(
Age(
(median((IQR)( 69.5!(58.5J80)! 72!(61J79)! 0.712!
Sex(M:F( 13:35! 27:26! 0.026!
ASA(3(or(more( 66.7%! 63.3%! 0.316*!
Major(operation( 66.7%! 62.2%! 0.68!
Urgent(or(immediate(
surgery( 70%! 81.1%! 0.25!
30+day(mortality( 20.8%! 3.7%! 0.012!
Hospital(Mortality( 22.9%! 3.7%! 0.006!
Post+operative(
length(of(stay( 11!(8J23)! 15!(9.5J35)! 0.114!
Hospital(length(of(
stay( 15!(10J24)! 17!(11J35)! 0.214!
ITU(post+op( 75%! 71.7%! 0.823!
ITU(length(of(stay( 4!(2J10)! 3!(2.5J10)! 0.81!
Intra+operative(goal(
directed(fluid(therapy( 47.9%! 81.1%! <0.0001!
!
!
There!was!a!significant!difference!in!mortality,!but!no!difference!in!length!of!stay.!A!
similar!proportion!of!patients! received!planned! intensive!care!after! their!procedure.!
Significantly!more!patients! received! intraJoperative!goalJdirected! fluid! therapy!after!
introduction! of! the! integrated! care! pathway.! ! The! two! small! observational! cohorts!
were!of!similar!age,!degree!of!urgency!and!type!of!operation.!However,!the!predicted!
risk!of!death!was!not!estimated,!therefore!the!two!groups!could!not!be!compared!in!
terms! of! physiological! and! operative! severity,! nor! riskJadjusted.! The! observed!
difference! in! outcome! could! be! attributed! to! several! causes:! intended! change! in!
process! leading! to! improved! care! and! subsequent! improvement! in! outcome`!
differences!in!severity!of!the!compared!groups!(i.e.!natural!variation!in!mortality!rates!
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over!time)`!or!chance!improvements!due!to!other!confounding!changes!over!time.!It!
would! be! inappropriate! to! draw! conclusions! from! these! results! given! the! lack! of!
severity! comparators,! the! small! sample! sizes! and! lack! of! external! validity.! In!
addition,!due!to!the!limited!nature!of!the!chosen!dataset,!there!was!little!evidence!to!
demonstrate! which! process! measures! had! changed! to! explain! the! change! in!
outcome!(except!a!significant!increase!in!the!use!of!intraJoperative!goalJdirected!fluid!
therapy).!A!fiveJfold!reduction!in!mortality!cannot!be!attributed!to!the!increase!in!the!
use!of!goalJdirected!fluid!therapy!alone.!!
!
Despite! the! limitations! of! the! project! the! results! were! encouraging! and! inspired! a!
new! project! to! further! establish! what! process! changes! were! possible! and! what!
impact! they!may!have!on!outcome.! !This!was!entitled! the!Emergency!Laparotomy!
Pathway!Quality!Improvement!Care!(ELPQuiC)!Bundle!project.! !
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1.9((Development(of(care(bundle:(a(review(of(the(evidence(
The! following! section! reviews! the! evidence! and! guidelines! for! key! aspects! of! the!
care! of! patients! presenting! for! emergency! laparotomy.! These! areas! are`!
identification! of! the! deteriorating! and! unwell! emergency! surgical! patient,! surgical!
sepsis!management,!timely!surgery,!periJoperative!goalJdirected!fluid,!postJoperative!
intensive!care!management!and!consultant!led!care.!These!areas!of!care!have!been!
chosen! as! those! deemed! to! have! the! potential! for! the! highest! impact! on! clinical!
outcomes! after! review! of! published! outcome! data,! published! guidelines! and! the!
RSCH!pilot!project!(see!section!1.8).!
1.9.1( Identification(of(the(deteriorating/unwell(surgical(patient((
Emergency!general!surgical!patients!present!with!an!array!of!signs!and!symptoms!
as! a! result! of! the! physiological! consequences! of! a! myriad! of! potential! underlying!
pathologies.! Surgical! emergencies! may! present! to! surgical! teams! as! an! acute!
hospital! episode! via! referral! from! primary! care! or! direct! presentation! to! the!
emergency! department! and! subsequent! referral! to! the! emergency! surgical! team.!
Acute!surgical!emergencies!can!occur!in!patients!who!are!already!hospitalised!either!
as! a! complication! of! an! elective! surgical! procedure,! or! simultaneous! presentation!
with! other! pathologies! (e.g.! bowel! obstruction! and! pneumonia).! Surgical!
emergencies!happen!sporadically!in!the!general!population!and!are!more!frequent!in!
vulnerable!patients! (e.g.! those!with!acute! illness,!comorbidities!and! the!elderly).! In!
essence,! any! hospitalised! patient! is! at! risk! of! a! sporadic! surgical! emergency,!
particularly!after!recent!abdominal!surgery.!This!heterogeneity!of!pathways!of!clinical!
presentation!poses!a!significant!challenge!to!ensure!all!emergency!surgical!patients!
are!identified!promptly!and!receive!the!same!high!quality!care!throughout.!
!
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Physiological! track! and! trigger! systems! collate! information! from! physiological!
observations! and! trigger! a! protocolised! response! to! identified! abnormalities! in!
observations.! Common! physiological! variables! include! heart! rate,! respiratory! rate,!
oxygen! saturation,! systolic! blood!pressure,! conscious! level! and!body! temperature.!
Some! scoring! systems! use! additional! variables! such! as! pain! scores,! hourly! urine!
output!and!specific!biochemical!variables!(e.g.!lactate).!Repeated!assessment!of!the!
patient!at! specified! intervals! tracks!any!changes! in! the!physiological! variables!and!
produces!a!trend!in!overall!score.!Any!changes!in!physiology!(and!thereby!resultant!
score)!over!time!can!be!used!to!trigger!actions!based!on!the!magnitude!and!rate!of!
change!in!score.!For!example,!an!increase!in!score!should!prompt!an!increase!in!the!
frequency!of!measurement!of!observations!and!nursing!staff!should!inform!the!senior!
nurse! in! charge.! Depending! on! the! magnitude! of! the! score! and/or! the! change! in!
score! from! successive! prior! measurements,! care! is! escalated! according! to! an!
established!protocol.!For!example,!an!increase!in!score!of!more!than!a!set!threshold!
prompts! urgent! review! by! the! clinical! team! responsible! for! the! patient.! A! score! of!
more!than!a!set!threshold!may!prompt!immediate!review!by!senior!clinicians!from!the!
primary!responsible!surgical! team,!emergency!surgical! team,!critical!care!outreach,!
hospital!at!night!team!or!the!critical!care!team.!!
There!is!a!body!of!evidence!linking!abnormal!physiological!observations!to!increased!
mortality! rates.! Care! of! critically! unwell! and! deteriorating! patients! in! hospital! is!
inconsistent! and! substandard! in! an! unacceptably! large! proportion! of! patients.! For!
example,!in!an!observational!study!of!100!intensive!care!unit!admissions!McQuillan!
et!al!(1998)!assessed!the!quality!of!preceding!care.!They!identified!suboptimal!care!
in!54%!of!cases.!Mortality!was!56%!in!cases!deemed!to!have!received!suboptimal!
management,!but!25%! in! those!considered! to! receive!adequate!care.! ! In! the!poor!
care!group,!69%!had!delayed!admission! to! ITU!and!up! to!41%!of! ITU!admissions!
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were! considered! potentially! avoidable.! They! concluded! that! poor! care! prior! to!
intensive!care!admission!leads!to!increased!morbidity!and!mortality.!They!concluded!
that! suboptimal! care! was! a! result! of! "failure! of! organisation,! lack! of! knowledge,!
failure!to!appreciate!clinical!urgency,!lack!of!supervision!and!failure!to!seek!advice".!!
In!a!similar!observational!study!of!200!consecutive!deaths!after!medical!admission,!
Seward! et! al! (2003)! identified! evidence! of! substandard! care! in! up! to! 19.5%! of!
deaths.! In! 12.5%! of! cases! shortfalls! in! care! were! considered! to! have! potentially!
directly!contributed!to!death.!Up!to!64%!of!all!reviewed!cases!were!deemed!to!have!
had!delayed!and/or!inappropriate!diagnosis!and/or!treatment.!
The!2005!NCEPOD!report,!entitled!“An!Acute!Problem?”,!looked!into!the!provision!of!
emergency!care!for!critically!unwell!medical!patients.!The!report!identified!that!66%!
of!patients!admitted!to!intensive!care!demonstrated!physiological!instability!for!more!
than!12!hours!prior!to!admission!to!intensive!care!and!that!intensive!care!admission!
was!potentially! avoidable! in! 21%!of! cases! (NCEPOD,! 2005).! They! concluded! that!
critical!illness!was!often!heralded!by!progressive!physiological!deterioration!and!that!
poor! recognition,! inadequate! treatment! and! poor! communication! were! the! major!
factors!contributing!to!delay!in!admission!to!intensive!care.!The!report!recommended!
consultant! review! within! 24! hours! of! admission,! increased! focus! on! patients! with!
abnormal! observations,! track! and! trigger! systems! and! critical! care! outreach! (or!
equivalent)! to! compliment! traditional! team!structure!24!hours!per! day,! seven!days!
per!week,!documented!detailed!observation!plan!(including!observations,!frequency,!
trigger! thresholds! and! escalation! protocol),! and! training! for! junior! doctors! in! the!
recognition!and!management!of!critical!illness!(NCEPOD,!2005).!!
It! is!well! established! that! abnormal! physiological! observations! are! associated!with!
poor! outcomes.! Critical! illness! is! often! preceded! by! deterioration! in! commonly!
measured!physiological!variables.! In!an!observational!study!of!hospital!admissions!
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over!a!3Jday!snapJshot!in!90!UK!and!New!Zealand!Hospitals,!60%!of!primary!events!
(death,! cardiac! arrest! or! unplanned! intensive! care! unit! (ICU)! admission)! had!
documented! abnormal! observations! prior! to! the! event,! the! most! common! being!
hypotension! and! altered! conscious! level! (Kause! et! al,! 2004).! In! a! singleJcentre,!
observational! study,! Goldhill! &! McNarry! (2004)! observed! that! mortality! increases!
with! the! number! of! abnormal! physiological! variables! in! the! immediate! preceding!
illness! during! hospital! admission.! They! reviewed! patient! records! and! identified! a!
group! of! patients!who! had! received! substandard! care.! In! this! group!mortality!was!
higher!than!those!patients!who!were!deemed!to!have!received!adequate!care.!They!
reported! that! mortality! increased! with! the! number! of! abnormal! physiological!
observations!(0.7%!with!no!abnormalities,!4.4%!with!one,!9.2%!with!two!and!21.3%!
with!three!or!more,!p!<!0.001).!Using!logistic!regression,!they!identified!the!following!
as!being!most!predictive!of!mortality:!reduced!conscious!level`!abnormal!heart!rate`!
increasing! age`! abnormal! systolic! blood! pressure`! and! abnormal! respiratory! rate.!
They!concluded!that! improvements! in! the!early!detection!of!abnormal!physiological!
variables!may!facilitate!earlier!intervention!and!improve!outcomes.!!
In!an!observational!study!of!admissions!to!five!wards!in!a!single!Australian!hospital!
Buist!et!al!(2004)!observed!that!patients!who!suffered!preJdetermined!critical!events!
suffered!a!mortality!of!26%.!Predictors!of!mortality!(multiple!linear!regression)!were!
Glasgow!Coma!Score! fall!of! two!or!more,!coma,!hypotension! (<90mmHg),!oxygen!
saturation!<90%,!bradycardia!(heart!rate!<30/min)!and!bradypnoea!(respiratory!rate!
<6/min).!!
The! 2005! NCEPOD! reported! 66%! of! intensive! care! admissions! had! abnormal!
physiological!observations!for!more!that!12!hours!prior!to!ITU!admission!(NCEPOD!
2005).! The! National! Institute! for! Health! and! Clinical! Excellence! (NICE)! clinical!
guideline! 50! concludes! that! “physiological! abnormalities! are! a! marker! of! clinical!
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deterioration”!(National! Institute!for!Health!and!Clinical!Excellence,!2007).!As!such,!
NICE!recommended!regular!measurement!of!core!physiological!observations`!heart!
rate,!systolic!blood!pressure,!respiratory!rate,!conscious!level,!body!temperature!and!
peripheral! oxygen! saturations.! NICE! recommended! these! be! taken! on! admission!
and/or!initial!assessment,!with!a!clear!monitoring!plan!tailored!to!individual!patients’!
presenting!condition,!comorbidities!and!treatment!plan!(National! Institute! for!Health!
and!Clinical!Excellence,!2007).!
All! hospitalised! patients! are! at! risk! of! clinical! deterioration.! The! NICE! clinical!
guidelines!recommended!that!physiological!observations!be!recorded!at!appropriate!
time! intervals! to! identify! patients! who! are! deteriorating! and! those! who! are! risk! of!
deterioration.!The!minimum!recommended!time!interval! is!every!12!hours,!however!
NICE! recommends! that! the! frequency! of! observations! should! be! increased! in!
patients!with!abnormal!physiology!and!those!at!risk!of!clinical!deterioration.!Patients!
observed!to!have!abnormal!physiological!observations!should!have!the!frequency!of!
observation! increased! and! the! response! to! abnormalities! should! be! graded!
appropriately.!However,! the!guidelines!did!not!specify! frequencies!of!observations,!
they!merely! recommend! that!a! “graded! response!strategy! for!patients! identified!as!
being! at! risk! of! clinical! deterioration! should! be! agreed! and! delivered! locally”.! In! a!
systematic! review,! within! the! NICE! clinical! guideline! 50,! twelve! studies! were!
identified! that! reported! the!development! of! physiological! track!and! trigger! systems!
and!eleven!reported!the!effect!of!track!and!trigger!systems!on!outcome.!The!studies!
were! mostly! observational,! with! the! exception! of! one! systematic! review! of!
observational!studies!(Gao!et!al,!2007)!and!one!case!control!study!(Hodgetts!et!al,!
2002).!NICE!guidelines!recommend!the!use!of!track!and!trigger!systems!in!all!adult!
hospitalised!patients!regardless!of!underlying!pathology!(National!Institute!for!Health!
and!Clinical!Excellence,!2007).!There! is!evidence!suggesting! that! the!use!of! track!
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and!trigger!systems!increases!the!frequency!of!observations!of!hospitalised!patients!
(McBride!et!al,!2005).!
In!2007!the!National!Institute!of!Health!and!Clinical!Excellence!(NICE)!published!the!
Clinical.Guideline.50.acutely. ill. patients. in.hospital:. recognition.of.and. response. to.
acute. illness. in. adults. in. hospital! (National! Institute! for! Health! and! Clinical!
Excellence,!2007).!These!guidelines!were!developed!from!a!systematic!review!of!47!
studies!pertaining!to!the!use!of!track!and!trigger!systems!and!their!use!to!aid!early!
identification!and! treatment!of!deteriorating!patients.!This! review!was!an!update! to!
the!previously! published! systematic! review!by!Gao!et! al! (2007).! The! studies!were!
performed! in! a! variety! of! settings,! either! on! individual! wards,! hospital! wide,! on!
admissions! units! or! in! the! emergency! departments.! They! were! reported! from! a!
variety! of! healthcare! systems`! the! majority! were! from! the! UK,! with! some! from!
Australia,!the!USA,!Hong!Kong!and!Sweden.!!
A!number!of!studies!have!been!published!relating! to! the!development!of! track!and!
trigger!systems!(Goldhill!et!al,!1999`!Subbe!et!al,!2001`!Hodgetts!et!al,!2002`!Goldhill!
&!McNarry!2004`!Goldhill!et!al,!2005`!Bell!et!al,!2006`!Garcea!et!al,!2006`!Lam!et!al,!
2006`! Subbe! et! al,! 2006`! Cuthbertson! et! al,! 2007`! Duckitt! et! al,! 2007`! Gao! et! al,!
2007).! The! majority! are! observational! cohort! studies! with! the! exception! of! one!
systematic! review! (Gao! et! al,! 2007)! and! one! caseJcontrol! study! (Hodgetts! et! al,!
2002).!Other!studies!have!related!outcomes!(death,!cardiac!arrest!and/or! intensive!
care! unit! admission)! to! the! use! of! track! and! trigger! systems! (Bristow! et! al,! 2000`!
Buist!et!al,!2002`!Odell!et!al,!2002`!Foraida!et!al,!2003`!Pittard,!2003`!Subbe!et!al,!
2003`!Bellomo!et!al,!2004`!DeVita!et!al,!2004`!Priestley!et!al,!2004`!Hillman,!2005`!
Paterson!et!al,!2006).!Again!the!majority!of!these!were!observational!cohort!studies,!
with!the!exception!of!two!cluster!randomised!controlled!studies!(Priestley!et!al,!2004`!
Hillman,!2005).!!
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Hillman! et! al! (2005)! used! a! randomised! cluster! design! to! study! the! effect! of! the!
introduction!of!the!Medical!Emergency!Team!(MET)!on!composite!adverse!outcomes!
(cardiac! arrest,! intensive! care! admission! and! death).! TwentyJthree! Australian!
hospitals! were! randomised! to! either! standard! care! or! introduction! of! MET.! After!
baseline! data! collection! and! an! introduction! period! (MET! hospitals! only),! study!
period! data! were! collected! over! a! sixJmonth! period.! There! was! no! difference! in!
composite!outcomes!between!control!and!MET!hospitals.!The!authors!noted!that!the!
incidence!of!composite!outcomes!was!lower!than!anticipated!in!the!baseline!period!
for!both!groups!and!study!period! in! the!control!group.! !The! incidence!of!composite!
outcomes!was! less!when!comparing!baseline!and!study!periods! for!both!MET!and!
control! groups,! suggesting! improvement! in! all! hospitals! during! the! study! period,!
despite! considerable! efforts! to! reduce! contamination! of! control! hospitals.! The!
authors! suggested! that! the! lack! of! positive! impact!may! be! due! to:! poor! education!
and! uptake! of! MET`! unexpected! low! incidence! of! and! inter! hospital! variation! in!
composite!outcomes! in!all!groups`!contamination!of!control!hospitals`!a!short!study!
period`! lack! of! ongoing! education! in! MET! hospitals! during! the! study! period`! poor!
documentation!of!MET!calling!triggers!and!poor!implementation.!
!Priestley! et! al! (2004)! used! a! randomised! cluster! design! to! study! the! effect! of!
introducing! a! 24Jhour! nurseJled! critical! care! outreach! (CCOT)! service! on! hospital!
mortality.! The! CCOT!was! called! in! response! to! the! patientJatJrisk! (PAR)! score,! a!
modification! of! the!modified! early!warning! score! described! by!Subbe!et! al! (2001).!
Priestley! et! al! introduced! the! CCOT/PAR! system! sequentially! in! 16! randomly!
assigned! hospital! wards! in! a! single! UK! centre.! The! wards! represented! a! mix! of!
medical,!surgical!and!elderly!care!wards.!Patients!treated!on!control!wards!(prior!to!
introduction! of! CCOT/PAR)! were! compared! with! those! treated! after! training! and!
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implementation.!The!risk!of!death!was!significantly!reduced!after! implementation!of!
CCOT/PAR!(odds!ratio!0.52,!95%!confidence!interval!0.32J0.85).!!
Studies! that! related! the! introduction! of! track! and! trigger! systems! to! outcomes! are!
variable! in! their! setting! (majority! in! UK! or! Australia),! patient! population! (medical,!
surgical,! emergency,! mixed),! variable! track! and! trigger! systems! being! tested! and!
various! outcome! measures! (death,! cardiac! arrest,! unexpected! intensive! care!
admission,!or!combination! thereof).!The!majority!showed!a!positive! impact!of! track!
and!trigger!systems!on!patient!outcomes,!however!the!majority!were!limited!in!their!
validity!due!to!them!being!single!centre!studies!using!a!preJpost!cohort!design.!The!
review! of! published! evidence! contained! within! NICE! clinical! guideline! 50!
demonstrated! that!all! studies!of! track!and! trigger!systems!have! low!sensitivity!and!
positive! predictive! value! and! high! specificity! and! negative! predictive! value.! The!
report! concluded! that! sensitivity! can! be! improved! by! reducing! trigger! thresholds!
(National!Institute!for!Health!and!Clinical!Excellence,!2007).!However,!this!would!be!
at! the! expense! of! reducing! specificity! and! increasing! the! burden! on! often! limited!
resources.! Subbe! et! al! (2007)! demonstrated! interJ! and! intraJrater! variability! and!
concluded!that!the!simpler!systems!are!more!reliable.(
(
1.9.1.1(Types(of(physiological(track(and(trigger(systems!
All!track!and!trigger!systems!use!routinely!collected!physiological!observation!data!to!
identify! patients! at! risk! of! deterioration.! There! are! a! number! of! different! systems!
which!were!categorised!by!Gao!et!al!(2007)!in!a!systematic!review.!Track!and!trigger!
systems! can! use! single. parameter,! multiple. parameter! or! aggregate. scoring. as!
trigger! thresholds.! In!single!parameter!systems,!multiple!physiological!observations!
are! monitored! and! tracked.! If! a! single! observation! falls! outside! normal! threshold!
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values,! then!a!call! to!more!experienced!clinical! staff! is! triggered.!An!example!of!a!
single! parameter! track! and! trigger! system! is! the!Medical!Emergency!Team! (MET)!
system! originally! developed! in! Australia! (Bristow! et! al,! 2000`! Buist! et! al,! 2002`!
Foraida! et! al.! 2003`! Bellomo! et! al,! 2004`! Buist! et! al,! 2004`! DeVita! et! al,! 2004`!
Hillman,!2005).!In!multiple!parameter!systems,!the!number!of!abnormal!observations!
(outside!threshold!values)!triggers!a!graded!response!(i.e.!the!greater!the!number!of!
abnormal! observations! the!more! urgent! and/or! senior! the! triggered! response).! An!
example! of! this! type! of! system! is! the! Patient! at! Risk! Team! system! developed! in!
several! UK! studies! (Goldhill! et! al,! 1999`! Goldhill! et! al,! 1999`! Goldhill! &!McNarry,!
2004`! Goldhill! et! al,! 2005).! Aggregate! scoring! systems,! predominantly! been!
developed!in!the!UK,!allocate!points!to!physiological!observation!variables!weighted!
for!the!degree!of!deviation!from!normal!thresholds.!These!scores!are!aggregated!to!
produce!a!single!score!which!is!used!as!the!trigger!for!graded!response!depending!
on!its!magnitude.!The!example!commonly!used!in!the!UK!is!the!Early!Warning!Score!
(EWS)!originally!developed!by!Morgan!et!al!(1997)!and!later!modified!by!Stenhouse!
et! al,! (2000).! ! These!Modified!Early!Warning!Scores! (MEWS)! systems!have!been!
tested! on! medical! wards! and! in! the! emergency! department! (Subbe! et! al,! 2001`!
Hodgetts!et!al,!2002`!Garcea!et!al,!2006`!Lam!et!al,!2006`!Subbe!et!al,!2006`!Duckitt!
et!al,!2007).!
A!variety!of!early!warning!systems!have!been!described!and!are!in!common!use!in!
the!majority!of!UK!hospitals.!These!are!adapted!for!local!use!and!vary!accordingly!in!
their! specific! observations,! scoring! criteria! and! escalation! protocols! (Gao! et! al,!
2007).!All!published!systems!use!a!composite!of!commonly!measured!physiological!
observations! (e.g.! heart! rate,! blood! pressure,! conscious! level,! core! temperature,!
respiratory! rate).! Some! have! added! other! valuable! observations! (e.g.! pain,! urine!
output,! oxygen! saturation,! as! well! as! biochemical! results! (e.g.! lactate)).! The!
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sensitivity,! specificity,!positive!and!negative!predictive!values!of!different! track!and!
trigger! systems! are! similar! (National! Institute! for! Health! and! Clinical! Excellence,!
2007).! Unlike! multiple! or! single! parameter! scoring! systems,! aggregate! systems!
facilitate! a! graded! response! depending! on! the!magnitude! of! change! in! aggregate!
score,! and! for! this! reason! are! recommended! by! NICE,! despite! a! lack! of! robust!
evidence! demonstrating! superiority! (National! Institute! for! Health! and! Clinical!
Excellence,!2007).!
(
1.9.1.2( Track(and(trigger(systems(in(surgical(patients(
There!are!a!number!of!publications!relating!to!the!use!of! track!and!trigger!systems!
specifically! in!surgical!patients.!These!have!all!been! from! the!UK!and! involved! the!
use! of! variations! of! the! aggregate! Early! Warning! Score! (EWS)! system! originally!
described!by!Morgan!et!al!(1997).!!Stenhouse!et!al!(2000)!subsequently!studied!the!
use! of! EWS! in! surgical! patients.! Although! published! only! as! an! abstract! and! not!
subjected!to!peerJreview,!they!reported!the!validation!and!modification!of!the!original!
EWS! and! developed! the!Modified! Early!Warning! System! (MEWS)! in! two! surgical!
wards!in!a!single!centre!over!9!months.!!For!patients!admitted!to!intensive!care!from!
the!studied!wards,!those!who!had!been!monitored!using!MEWS!had!a!lower!critical!
illness!severity!score!(APACHE!II)!than!those!not!thus!monitored.!!it!was!concluded!
that! introduction! of! the! MEWS! system! led! to! earlier! referral! and! admission! to!
intensive! care.! ! There! have! subsequently! been! several! other! small,! single! centre!
observational! studies! reporting! development! and! utility! of! early! warning! scores! in!
identifying!critical!illness!in!surgical!patients!(Odell!et!al,!2002`!Carberry,!2002`!Day,!
2003).!Day! (2003)! reported! the! implementation!of!a! locally!adapted!EWS,!detailed!
audit!of!triggers!and!responses!that!identified!significant!delays!in!response!(triggerJ
toJresponse)! and! lead! (responseJtoJtreatment)! times.! Despite! not! reporting!
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outcomes,! this! study! highlighted! the! requirement! not! only! for! a! robust! track! and!
trigger!system,!but!also!ongoing!vigilance!to!ensure!that!the!system!was!utilised!to!
best!effect!and!that!triggers!were!appropriately!responded!to!in!a!timely!fashion.!!
In!a!singleJcentre!observational!preJpost!cohort! study! (Pittard,!2003),!patients!who!
were! admitted! to! the! intensive! care! unit! from! the! operating! theatre,! three! surgical!
wards! and! the! surgical! high! dependency! unit! were! studied,! before! and! after!
introduction! of! a! critical! care! outreach! service! utilising! an! early! warning! score!
system.!Unplanned!admissions!to!intensive!care!fell!from!58%!to!43%!(p=0.05)!and!
for! such! patients! both! length! of! stay! and! mortality! were! lower! (28.5%! vs! 23.5%,!
p=0.05).!The!rate!of!unplanned!reJadmission!to!intensive!care!also!fell!from!5.1%!to!
3.3%!(p=0.05).!The!author!concluded!that!the!introduction!of!a!critical!care!outreach!
service! (using! an! early! warning! system! prompting! early! critical! care! outreach!
referral)!had!a!significant!impact!on!critical!care!utilisation.!The!results!of!this!study,!
although!promising! lacks!external!validity,!and!results!are!not!adjusted! for!possible!
confounding!variables!(e.g.!pathology,!predicted!mortality/mortality,!age).!In!another!
Australian!singleJcentre!study!(Bellomo!et!al,!2004),!the!impact!of!introduction!of!an!
intensive! care! based! medical! emergency! team! (MET)! was! studied,! called! in!
response! to! specific! single! parameter! triggers,! on! postJoperative! surgical! patients.!
Incidence! of! adverse! events,! death! and! unplanned! intensive! care! admission!were!
studied! before! and! after! introduction! of! the! MET.! Reductions! in! adverse! events!
(relative! risk! reduction! 57.8%,! p<0.0001),! emergency! intensive! care! admission!
(relative! risk! reduction! of! 44.4%,! p=0.001),! postJoperative! death! (relative! risk!
reduction!36.6%,!p=0.0178)!and!reduced!hospital!length!of!stay!(23.8!vs!19.8!days,!
p=0.0092)! were! recorded.! ! However,! the! study! was! again! limited! by! only! being!
undertaken! in!a!single! institution!and! the! results!were!not!being! riskJadjusted.! In!a!
followJup!study!(Jones!et!al,!2007),!the!same!group!reported!longJterm!outcomes!in!
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the! same! study! population.! After! adjusting! for! factors! identified! as! independently!
affecting! long! term! outcome! (age,! emergence! of! procedure,! type! of! surgery),!
introduction! of! the! MET! system! was! associated! with! a! reduction! in! 1500Jday!
mortality!(odds!ratio!0.74,!p=0.005).!!
In! a! review! (Subbe! et! al,! 2005)! the! use! of! track! and! trigger! (EWS,! CCOT,!MET)!
systems!in!surgical!patients!were!discussed.!It!was!concluded!that,!despite!a!lack!of!
highJlevel! validated! evidence,! these! systems!had! the! potential! to! improve! surgical!
care.!Furthermore,!isolated!introduction!of!track!and!trigger!systems!were!unlikely!to!
lead!to!improvements!without!associated!training!and!timely!interventions!targeted!at!
deteriorating!and!atJrisk!patients.!GardnerJThorpe!et!al!(2006)!implemented!modified!
early!warning!score!system!(as!developed!by!Stenhouse!et!al,!2000)!and!recorded!
demographics,!pathology!and!outcomes! in!334!patients!over!a!4Jmonth!period.! !A!
trigger!threshold!for!calling!junior!doctors!on!the!clinical!team!was!a!MEWS!of!4!or!
more`!17%!had!a!peak!MEWS!score!≥4.!!Certain!groups!of!patients!were!more!likely!
to! trigger! emergency! admissions:! elderly`! those! with! malignancy! or! bowel!
obstruction`! and! those! requiring! bowel! anastomosis! as! a! part! of! their! treatment.!
Patients!who!scored! four!or!more!had!a!significantly!higher!mortality! (0%!vs!7.2%,!
p<0.001)!and!hospital!length!of!stay!3!vs!10!days,!p<0.05).!A!MEWS!score!of!four!or!
more!was!predictive!of!intensive!care!admission!with!a!sensitivity!of!75%,!specificity!
of!83%,!positive!predictive!value!of!22%!and!a!negative!predictive!value!of!99%.!This!
equates!to!one!in!five!triggering!patients!requiring!transfer!to!ITU.!The!authors!stated!
that! patients! who! trigger! but! do! not! require! intensive! care! admission! are! likely! to!
benefit! from! urgent! clinical! review! to! diagnose! and! treat! the! underlying! causes! of!
their!abnormal!physiology!!
Further!validation!in!the!surgical!population!was!published!(Cuthbertson!et!al,!2007).!
from!a!single!centre!study!in!Scotland!using!observational!data!on!142!consecutive!
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patients!admitted! to! the!surgical!high!dependency!unit! (SHDU).!Physiological!data!
from! patients! who! required! subsequent! intensive! care! admission! were! compared!
with!patients!who!did!not.!Heart!rate,!respiratory!rate!and!oxygen!saturations!were!all!
predictive!of!subsequent!need!for! intensive!care!admission,!however!systolic!blood!
pressure!and!temperature!were!not.!Existing!early!warning!scores!were!predictors!of!
intensive!care!admission!with!area!under!the!receiverJoperator!characteristic!(ROC)!
curve! of! 0.83! to! 0.86.! Discriminant! functions! (using! combinations! of! physiological!
observation!data)!were!described!to!improve!predictive!accuracy.!
(
1.9.1.3( Track(and(trigger(systems(in(other(patient(populations(
In!addition!to!the!surgical!populations!detailed!above!track!and!trigger!systems!have!
been!validated! in!a!variety!of!specific!patient!groups`!acute!pancreatitis! (Garcea!et!
al,!2006),!in!the!emergency!department!(Lam!et!al,!2006`!Subbe!et!al,!2006),!acute!
medical! admissions! (Subbe! et! al,! 2001)! and! for! mixed! hospitalJwide! acute!
admissions!(Hodgetts!et!al,!2002).!
!
1.9.1.4(The(National(Early(Warning(Score((NEWS)!
There!is!a!lack!of!consistency!in!track!and!trigger!systems!and!how!they!are!used.!
Reviews!of!track!and!trigger!systems!note!that!the!methodology!varies!according!to!
local!protocols!and!procedures!(Subbe!et!al,!2005`!Gao!et!al,!2007`!National!Institute!
for!Health! and!Clinical! Excellence,! 2007).! Such! inconsistencies!mean! that! system!
details,! data,! escalation! protocols,! education! and! training! are! not! interchangeable,!
with! the! potential! to! lead! to! confusion! for! staff! and! patients! who! move! between!
centres.! This! lack! of! consistency! is! a! potential! significant! obstacle! to! education,!
training,!implementation,!improvement!and!ultimately!patient!safety.!In!response!the!
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Royal! College! of! Physicians! formed! a! development! group! for! a! National! Early!
Warning!Score!(NEWS)!from!existing!evidence!and!expert!opinion!(Royal!College!of!
Physicians,!2012).!The!report,!National.Early.Warning.Score.(NEWS):.standardizing.
the. assessment. of. acute. illness. severity. in. the. NHS,! provided! strict! guidance,!
observation!charts,!escalation!protocols!similar!to!those!published!by!NICE!in!2007!
(National! Institute! for! Health! and! Clinical! Excellence,! 2007).! However,! this! report!
also! recommended! the! national! adoption! of! the! standardised! NEWS! system! to!
address!the!potential!issues!surrounding!inconsistencies!in!track!and!trigger!systems!
used!in!individual!centres!(Royal!College!of!Physicians,!2012).!!
Table(1.4(Summary(of(track(and(trigger(outcome(literature(
Publication! Methodology! Population! Outcomes(and(conclusions!
Goldhill!et!al,!
1999!
PAR!team,!multi!
parameter!
trigger,!
observational!
cohort!
UK,!single!centre,!63!patients!
assessed!by!PART,!(&!
patients!admitted!to!ICU!(28!
PART!vs!69!nonJPART)!
Development!of!track!and!trigger!system,!mortality!in!patients!seen!by!
PAR!team!25%!vs!45%!in!those!not!seen!(p=0.007),!incidence!of!
cardiopulmonary!resuscitation!3.6%!in!those!seen!by!PAR!team!vs!
30.4%!not!seen!(p<0.005).!PART!reduces!incidence!of!cardiac!arrest.!
Stenhouse!et!
al,!2000!
Aggregate!
scoring!system!–!
EWS,!
observational!
cohort!
UK,!single!centre,!206!surgical!
patients!on!2!surgical!wards,!
compared!to!baseline!data!
APACHE!II!scores!for!EWS!group!16.6!(+/J!7.3),!for!11!admitted!to!the!
ICU!from!surgical!ward!who!not!monitored!with!MEWS!APACHE!II!
scores!were!23.5!({+/J}!4.1),!for!43!patients!admitted!from!surgical!
wards!in!the!9Jmonth!period!prior!to!introduction!of!the!system!
APACHE!II!scores!of!22.3!({+/J}!5.5).!MEWS!identifies!critical!illness!
earlier!then!standard!systems.!
Bristow!et!al,!
2000!
Single!
parameter!
trigger!MET,!
observational!
cohort!
All!admissions!to!3!hospitals!in!
Australia.!Compared!MET!at!1!
hospital!to!2!control!hospitals!
1510!adverse!events!identified!among!50!942!admissions.!The!rate!of!
unanticipated!ICU!admissions!was!less!at!the!intervention!hospital!in!
total!(case!mixJadjusted!odds!ratios:!Hospital!1,!1.00`!Hospital!2,!1.59!
[95%!CI,!1.24J2.04]`!Hospital!3,!1.73![95%!CI,!1.37J2.16]).!MET!
hospital!had!fewer!unanticipated!ICU/HDU!admissions,!with!no!
increase!in!inJhospital!arrest!rate!or!total!death!rate.!
Subbe!et!al,!
2001!
Aggregate!
scoring!system!–!
MEWS,!
observational!
cohort!
UK,!acute!medical!admissions!
to!a!single!centre,!709!
admission!in!1!month!
Development!of!MEWS!track!and!trigger!system.!Scores!of!5!or!more!
were!associated!with!increased!risk!of!death!(OR!5.4,!95%CI!2.8–
10.7),!ICU!admission!(OR!10.9,!95%CI!2.2–55.6)!and!HDU!admission!
(OR!3.3,!95%CI!1.2–9.2).!
Buist!et!al,!
2002!
Single!
parameter!
trigger!MET,!
observational!
cohort!
All!patients!admitted!to!a!
single!Australian!hospital!in!
1996!(19317)!and!1999!
(22847)!
After!adjustment!for!case!mix!the!intervention!was!associated!with!a!
50%!reduction!in!the!incidence!of!unexpected!cardiac!arrest!(odds!
ratio!0.50,!95%!confidence!interval!0.35!to!0.73).!Early!intervention!
(by!MET)!significantly!reduces!the!incidence/mortality!from!
unexpected!cardiac!arrest!in!hospital.!
Hodgetts!et!
al,!2002!
Aggregate!
scoring!system!–!
MET,!CaseJ
control!study!
UK,!single!centre,!!hospitalJ
wide!admissions.!118!
consecutive!adult!patients!
suffering!primary!cardiac!
arrest!inJhospital!and!132!nonJ
arrest!patients!
Identification!of!predictors!of!cardiac!arrest.!Development!of!
aggregate!risk!scoring!system!for!MET!calling!criteria.!Including!
symptoms,!physiology!and!biochemistry.!Score!of!4!has!89%!
sensitivity!and!77%!specificity!for!cardiac!arrest`!a!score!of!8!has!52%!
sensitivity!and!99%!specificity.!No!other!studies!have!used!this!
complex!system.!
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Foraida!et!al,!
2003!
Single!
parameter!
trigger!MET,!
observational!
cohort!
Single!Centre!US!
Describes!strategies!used!to!increase!utilisation!of!MET!calling!
criteria.!Use!of!METs!increased!and!incidence!of!fatal!
cardiopulmonary!arrests!decreased!(4.3!vs!2.2!arrests!per!1,000!
admissions!(P!<!.0001).!
Pittard,!2003!
Aggregate!
scoring!system!–!
MEWS,!
observational!
cohort!
UK,!MEWS/CCOT!service!
implemented!on!3!surgical!
wards!and!surgical!HDU!
Following!introduction!of!the!outreach!service!emergency!ICU!
admission!rate!fell!from!58%!to!43%!(p=0.05).!These!patients!had!
shorter!ICU!LOS!(4.8!days!vs.!7.4!days)!and!lower!mortality!(28.6%!
vs.!23.5%,!p!=!0.05).!ReJadmission!rate!also!fell!from!5.1%!to!3.3%!(p!
=!0.05).!!
Subbe!et!al,!
2003!
Aggregate!
scoring!system!–!
MEWS,!
observational!
cohort!
UK,!single!centre,!695!acute!
medical!admissions!
No!change!in!mortality!of!patients!with!low,!intermediate!or!high!
MEWS.!Rates!of!cardioJpulmonary!arrest,!intensive!care!unit!or!high!
dependency!unit!admission!were!similar.!
Bellomo!et!al,!
2004!
Single!
parameter!
trigger!MET,!
observational!
cohort!
Single!Australian!centre,!
surgical!patients!1,116!control!
patients!vs!1,067!intervention!
patients,!pre/post!cohorts!
57.8%!relative!risk!reduction,!(p!<!.0001)!in!rate!of!adverse!events,!
36.6%!relative!risk!reduction!(p!=!0.0178)!in!mortality!and!!reduction!in!
mean!LOS!of!23.8!days!to!19.8!days!(p!=!0.0092)!with!implementation!
of!MET!system.!
DeVita!et!al,!
2004!
Single!
parameter!
trigger!MET,!
observational!
cohort!
US,!single!centre,!
retrospective!analysis!of!3269!
MET!responses!and!1220!
cardiopulmonary!arrests!
Increase!in!MET!responses!from!13.7!to!25.8!per!1000!admissions!
(p,0.0001)!after!instituting!objective!activation!criteria!and!coincident!
17%!decrease!in!the!incidence!of!cardiopulmonary!arrests!from!6.5!to!
5.4!per!1000!admissions!(p=0.016).!No!significant!difference!in!
mortality!rates!after!cardiac!arrest.!
Priestley!et!
al,!2004!
PAR!team,!
RandomisedJ!
control!cluster!
study!
24Jhour!CCOT/PAR!score!
introduced!sequentially!in!16!
wards!at!a!single!UK!centre!
Risk!of!death!was!significantly!reduced!after!implementation!of!
CCOT/PAR!(odds!ratio!0.52,!95%!confidence!interval!0.32J0.85).!
Hillman!et!al,!
2005!
Single!
parameter!MET,!
Cluster!
randomised!
controlled!study!
23!Australian!hospitals!
randomised!to!either!
implement!MET!or!control!
after!baseline!period!
No!difference!in!composite!outcomes!in!control!and!MET!hospitals,!
however!low!rate!than!expected!of!composite!outcomes!in!baseline!
periods.!Incidence!of!composite!outcomes!less!in!control!and!MET!
periods!compared!to!baseline!periods,!suggesting!improvement!in!all!
hospitals.!
Paterson!et!
al,!2006!
Aggregate!
scoring!system!–!
Standardised!
EWS,!
observational!
cohort!
Single!UK!centre,!413!preJ
EWS!vs!435!postJEWS!
implementation!
Introduction!of!the!standardised!EWS!chart!was!accompanied!by!a!
reduction!in!overall!inJhospital!mortality!(preJEWS!5.8%!(24/413),!
postJEWS!3.0%!(13/434),!P=0.046).!
Jones!et!al,!
2007!
Single!
parameter!MET,!
observational!
cohort!
Single!centre!in!Australia.!
1,116!control!patients!vs!1,067!
MET!period!patients!
Overall!survival!at!1500!days!was!65.8%!in!the!control!period!and!
71.6%!during!the!MET!period!(P!=!0.001).!
Gao!et!al,!
2007!
Systematic!
review!
Systematic!review!of!36!track!
and!trigger!studies!
No!level!1!evidence.!Variation!in!parameters,!methods!and!
thresholds.!Sensitivities!and!positive!predictive!values!unacceptably!
low,!although!specificities!and!negative!predictive!values!were!
generally!acceptable.!Concludes!that!sensitivity!could!be!improved!by!
reducing!trigger!thresholds!but!that!this!would!come!at!the!cost!of!
reducing!specificity.!
NICE!Clinical!
Guideline!50!
(2007)!
Systematic!
review!
Systematic!review!of!46!track!
and!trigger!studies!
MultiJparameter!(e.g.!PAR)!or!aggregate!(e.g.!MEWS)!physiological!
track!and!trigger!systems!should!be!used!to!monitor!all!patients,!with!
graded!response!in!frequency!of!observations!and!timely!review!by!
primary!responsible!clinician!and/or!medical!practitioner!skilled!in!
managing!critically!unwell!patients.!
(
(
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1.9.1.5(Identification(of(the(deteriorating/unwell(surgical(patient(+(Summary!
In!summary,! track!and! trigger!systems!have!been!developed! in!various!healthcare!
settings! throughout! the! world.! They! have! been! successfully! implemented! in! the!
surgical! setting,! with! some! lowJlevel! evidence! of! associated! improvements! in!
outcomes.! Despite! a! lack! of! level! one! evidence! for! their! use,! track! and! trigger!
systems! are! recommended! by! the! National! Institute! of! Health! and! Clinical!
Excellence!and!have!been!adopted!and!adapted! in!healthcare! settings!across! the!
world.!The!early!warning!system!concept!is!firmly!embedded!in!acute!hospitals!in!the!
UK,!with!emerging!emphasis!towards!a!nationalized!standard!system.!The!challenge!
now!appears! to! ensure! that! these! systems!are! utilized! appropriately,! that! tracking!
and!triggering!are!timely,!that!there!are!no!delays!in!response!or!lead!times!and!that!
these! systems! are! supported! by! adequate! ongoing! training! to! ensure! appropriate!
responses!by!nursing!staff!and!clinicians!to!triggering!scores!and!events.!
!
1.9.2( Sepsis(management(in(emergency(surgery(
Surgical! sepsis! is! defined! as! that! caused! by! a! surgically! redeemable! anatomical!
source! of! infection.! IntraJabdominal! infections! can! be! local! or! generalised,! organJ
specific,! or! due! to! a! perforation! and! spillage! of! septic! intestinal! contents! into! the!
peritoneal!cavity!or!translocation!of!bacteria!across!a!compromised!intestinal!barrier!
(e.g.!across!oedematous!bowel!after!a!period!of!intestinal!obstruction).!Many!causes!
of! intraJabdominal! sepsis! require! urgent! surgery! to! control! the! source! of! infection,!
indeed! some! catastrophic! intraJabdominal! infections! (e.g.! generalised! peritonitis!
secondary!to!intestinal!perforation)!will!never!be!successfully!treated!without!surgical!
intervention.!According!to!a!recent!observational!study!of!elderly!patients!undergoing!
emergency! laparotomy,! sepsis! is! the! leading! cause! of! death! after! emergency!
laparotomy! (Green! et! al,! 2013).! Therefore,! management! of! surgical! sepsis! is! an!
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appropriate! focus! for! improving! care! in! an! effort! to! improve! outcomes.! Early!
detection,! fluid! resuscitation,! antibiotics! and! source! control! form! the! backbone! of!
surgical! sepsis! management.! These! strategies! have! developed! over! many! years!
since! development! of! antibiotics.! Patients! with! severe! sepsis! have! a! high! risk! of!
mortality,!with!estimates!of!mortality!reaching!60%!(Vincent!et!al,!2009).!Sepsis!has!
therefore!become!a!significant!focus!of!research!and!quality!improvement.!!
1.9.2.1(The(Surviving(Sepsis(Campaign(
The! Surviving! Sepsis! Campaign! (SSC)! was! initiated! in! 2002,! building! on! several!
previous!international!consensus!publications!on!sepsis!management!(Sprung!et!al,!
2001`!Levy!et!al,!2003).!!The!SSC!published!the!first!comprehensive!guidelines!for!
the!management!of!patients!presenting!with!severe!sepsis!and!septic!shock!in!2004!
(Dellinger! et! al,! 2004).! The! guidelines! have! been! reviewed! and! revised! in! a!
subsequent!publication!(Dellinger!et!al,!2008).!(
1.9.2.2( Definitions(
The! SSC! defines! sepsis. as! the! “presence! (probable! or! documented)! of! infection!
together!with!systemic!manifestations!of! infection”.!Systemic!manifestations! include!
fever,! rigors,! oliguria,! tachycardia,! hypotension,! tachypnoea,! hypoxia,! nausea! and!
vomiting,!diarrhoea!and!an!altered!consciousness!level.!Severe.sepsis!is!defined!as!
“sepsis! plus! sepsisJinduced! organ! dysfunction! or! tissue! hypoJperfusion”.! Sepsis.
induced.hypotension!is!defined!as:!a!systolic!blood!pressure!(SBP)!<90mmHg,!or!a!
mean! arterial! pressure! (MAP)! of! <65mmHg,! or! a! SBP! decrease! of! >40%,! or! less!
than! 2! standard! deviations! below! the! normal! for! age,! in! the! absence! of! another!
cause!of!hypotension.!Septic.shock! is!defined!as!the!persistence!of!sepsisJinduced!
hypotension! despite! adequate! fluid! resuscitation.! SepsisJinduced. tissue.
hypoperfusion! is! defined! as! “infectionJinduced! hypotension,! elevated! lactate,! or!
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oliguria!(Dellinger!et!al,!2008).!The!2008!SSC!guidelines!diagnostic!criteria!for!sepsis!
are!detailed!in!table!1.5.!
The! SSC! guidelines! are! recommendations! based! on! expert! opinion! supported! by!
graded!evidence.!The!guidelines!use!the!Grades!of!Recommendation,!Assessment,!
Development!and!Evaluation!(GRADE)!system!for!grading!quality!of!evidence!from!A!
to!D,!with! strength!of! recommendations!1! (strong)! or! 2! (weak).!Grade!A!evidence!
would! be! achieved! by! at! least! one! high! quality! randomised! control! trial,! Grade! B!
downgraded!RCT!or! upgraded!observational! trials,! grade!C!quality! control! studies!
and! Grade! D! downgraded! control! studies! and! expert! opinion! (GRADE! Working!
Group,! 2004).The! original! SSC! guidelines! were! written! with! the! aim! of! improving!
care! and! outcomes! for! critically! unwell! septic! patients! in! an! intensive! care!
environment,! however! the! recommendations! are! applicable! to! all! septic! patients!
regardless! of! the! specific! clinical! location.! The! guidelines! make! comprehensive!
recommendations! on! all! aspects! of! critical! care! relevant! to! the! management! of!
patients!with!severe!sepsis.!
The!core!SSC!recommendations!pertinent!to!patients!with!surgical!sepsis!are`!initial!
resuscitation,!fluid!therapy,!diagnosis,!antibiotic!therapy!and!infection!source!control!
(Dellinger!et!al,!2008).!Some!of!the!recommendations!are!covered!in!other!sections!
of!this!thesis!(e.g.!goal!directed!fluid!therapy!J!section!1.10.5`!timing!of!surgery!and!
infection! source! control! J! section! 1.10.3).! Others! are! more! relevant! to! general!
intensive!care!management! (e.g.!choice!of!specific! intravenous! fluids,!vasopressor!
or! inotrope,! use! of! steroids,! blood! product! transfusion! thresholds,! mechanical!
ventilation! strategies,! sedation/analgesia! in! intensive! care,! glucose! control,! renal!
replacement! therapy,! deep! vein! thrombosis! and! stress! ulcer! prophylaxis)! J! these!
areas!are!beyond!the!scope!of!this!Introduction.!!
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Table(1.5!J!Diagnostic!criteria!for!sepsis!(Dellinger!et!al,!2008)!
Infection,!documented!or!suspected,!and!some!of!the!following:!
General,variables,
Fever!(>38.3!°C)!
Hypothermia!(core!temperature!<36!°C)!!
Heart!rate!90!minJ1!or!>2!SD!above!the!normal!value!for!age!
Tachypnoea!
Altered!mental!status!
Significant!oedema!or!positive!fluid!balance!(>20!ml/kg!over!24!hrs)!
Hyperglycaemia!(plasma!glucose!>140!mg/dl,!or!7.7!mmol/l)!in!the!absence!of!diabetes!
Inflammatory,variables,
Leukocytosis!(WBC!count!>12,000!/µl)!!
Leukopaenia!(WBC!count!<4000!/µl)!
Normal!WBC!count!with!>10%!immature!forms!
Plasma!CJreactive!protein!>2!SD!above!the!normal!value!
Plasma!procalcitonin!>2!SD!above!the!normal!value!
Hemodynamic,variables,
Arterial!hypotension!(SBP!<90!mmHg`!MAP!<70!mmHg`!or!an!SBP!decrease!>40!mmHg!
in!adults!or!>2!SD!below!normal!for!age)!
Organ,dysfunction,variables,
Arterial!hypoxaemia!(PaO2/FIO2!ratio!<300)!!
Acute!oliguria!(urine!output!<0.5!ml/kg!or!45!mmol/l!for!at!least!2!hrs,!despite!adequate!
fluid!resuscitation)!
Creatinine!increase!>0.5!mg/dl!or!44.2!µmol/l!
Coagulation!abnormalities!(INR!>1.5!or!a!PTT!>60!sec)!
Ileus!(absent!bowel!sounds)!
Thrombocytopaenia!(platelet!count,!<100,000!/µl)!
Hyperbilirubinaemia!(plasma!total!bilirubin!<4!mg/dl!or!70!µmol/l)!
Tissue,perfusion,variables,
Hyperlactataemia!(>!upper!limit!of!lab!normal)!
Decreased!capillary!refill!or!mottling!
!
1.9.2.3(Initial(resuscitation:(
The!2008!SSC!guidelines!recommend!that!raised!serum!lactate!and/or!hypotension!
should!be! treated!as!a!matter!of!urgency.!Hypotension! is!a! late!sign! in!shock!and!
lactataemia! signifies! significant! tissue! hypoperfusion.! The! SSC! guidelines!
recommend!that!protocolised!resuscitation!should!be!started!at!the!time!of!diagnosis!
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of!sepsisJinduced!shock!(persistent!hypotension!despite!fluids!and/or!blood!lactate!of!
>4! mmol/l).! Critically,! the! SSC! recommends! starting! resuscitation! at! the! time! of!
diagnosis! regardless! of! clinical! location! (i.e.! not! waiting! to! be! admitted! to! the!
intensive!care!unit).!The!goals!within!the!first!six!hours!after!identification!of!severe!
sepsis! or! septic! shock! are`! central! venous! pressure! (CVP)! of! 8J12!mmHg,! mean!
arterial! pressure! (MAP)!of!>65!mmHg,!urine!output!of!>0.5!ml/kg/hour!and!central!
venous! oxygen! saturations! (ScvO2)! >70%.! Therefore,! it! is! recommended! that!
patients! with! severe! sepsis! and! septic! shock! require! central! venous! access! and!
urinary! catheterisation! within! a! maximum! of! six! hours! from! diagnosis.! Additional!
recommended!resuscitative!goals!relate!to!vasopressor!administration!(commenced!
if!targets!not!met!despite!20!ml/kg!fluid!resuscitation!in!30!minutes),!inotropic!support!
and! red! cell! blood! transfusion.! The! recommended! trigger! for! red! cell! transfusion!
and/or!inotropic!support!is!a!target!haematocrit!of!30%,!i.e.!if!the!haematocrit!is!low!
oxygen!delivery!will!be!impaired!at!a!time!of!increased!demand,!oxygen!delivery!can!
be! increased! by! increasing! the! haematocrit! or! increasing! the! cardiac! output!
(Dellinger! et! al,! 2008).!The!SSC!acknowledges! the! limitations!and! inaccuracies!of!
CVP!but!pragmatically!retains!a!CVP!target!as!it!is!readily!obtainable,!widely!utilised,!
and!facilitates!measurement!of!ScvO2.!The!SSC!also!acknowledge!that! flowJbased!
measurements!(i.e.!cardiac!output!measurement)!are!absent!due!to!a!lack!of!direct!
evidence! in! sepsis,!however! they!do! recommend!cardiac!output!as!a! future! target!
(Dellinger! et! al,! 2008).! FlowJbased! fluid! management! strategies,! using! cardiac!
output! measurements,! in! emergency! surgery! are! discussed! in! the! introduction!
section!on!goal!directed!fluid!therapy!in!emergency!surgery!(see!section!1.9.4).!!The!
goals! outlined! by! the! SSC! are! well! established! in! critical! care! and! there! is! some!
evidence! for! their! validity! in! sepsis.! In! a! small! observational! study!of! 111!patients!
with!septic!shock,!treated!in!a!single!unit,!MAP,!ScvO2,!CVP!and!initial!lactate!were!
all!independently!associated!with!mortality!in!septic!shock!(Varpula!et!al,!2005).!
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The!key!evidence!supporting! these! recommendations! is! limited! to!one! randomized!
control!study!and!several!subsequent!observational!studies.!In!their!landmark!paper,!
Rivers!et!al! (2001)! randomized!263!patients!with!severe!sepsis!or! septic! shock! to!
receive! either! standard! care! or! protocolised! early! goalJdirected! therapy! (EGDT)! in!
the! emergency! department! before! admission! to! the! intensive! care! unit! The! study!
was!set! in! the!emergency!department!of!a!single!public!hospital! in!Detroit,!USA.! It!
set!out!to!test!established!critical!care!strategies!of!targeted!resuscitation!in!severe!
sepsis! on! outcomes! when! implemented! earlier! in! the! patient! pathway,! i.e.! on!
presentation! to! the! emergency! department.! Adult! patients! presenting! with! severe!
sepsis!or!septic!shock!(sepsis!with!refractory!hypotension!despite!fluid!resuscitation!
or! lactate!>4!mmol/l)!were!consented!and!randomised!to!receive!standard!(CVP!8J
12!mmHg,!MAP!>65!mmHg,!urine!output!>0.5!ml/kg/min)!or!protocolised!early!goal!
directed!therapy.!The!protocol!consisted!of!500!ml!boluses!of!intravenous!crystalloid!
every!30!minutes!to!achieve!a!CVP!of!8J12!mmHg,!vasopressors!if!MAP!<65!mmHg,!
vasodilators!if!MAP!>90!mmHg!and!blood!transfusion!if!ScvVO2!<70%!to!maintain!a!
haematocrit! of! >30%.! Once! CVP,! MAP! and! haematocrit! were! optimised,! if! the!
patient!had!a!ScvO2<70%!then!dobutamine!was!started!to!maintain!ScvO2!of!>70%.!
If! the! goal! of! ScvO2!was! not! achieved! despite! these! then! sedation,! paralysis! and!
mechanical!ventilation!was!established!in!an!effort!to!reduce!oxygen!demand.!During!
the!study!period!288!patients!were!assessed!for!eligibility,!8.7%!were!not!eligible!or!
did!not!consent.!Of!the!263!patients!enrolled!in!the!study,!27!did!not!complete!the!6J
hour! treatment! period! due! to! discontinuation! of! treatment,! requirement! for! other!
urgent! intervention! or! patient! withdrawal,! these! nonJcompleters! were! equally!
distributed!between!the!two!groups.!The!analysis!was!completed!on!an!intentionJtoJ
treat!basis! including! those!who!didn’t! complete! the!6Jhour! treatment!period.! In! the!
first!6!hours,!a!greater!proportion!of!the!intervention!group!reached!the!ScvO2!target,!
and! more! patients! achieved! combined! CVP/MAP/urine! output! goals.! In! the! post!
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intervention!period!(7!to!72!hours!from!randomization)!the!standard!group!had!higher!
heart! rate,! lower!MAP,! lower!ScvO2,! higher! lactate,! greater! base! deficit! and! lower!
blood! pH.! Interestingly! however,! there! were! no! differences! in! CVP.! The! standard!
group!in!the!7!to!72Jhour!period!had!higher!physiological!scores!(APACHEII,!SAPSII!
and!MODS)!reflecting!their!worse!physiological!state.!This!can!be!explained!by!the!
timing!of!interventions!including!fluid!administration,!with!outcomes!being!better!with!
earlier! treatment.! Overall! both! groups! received! similar! volumes! of! fluid! and! blood!
products,!however!the!intervention!group!received!more!fluid,!blood!and!inotropes!in!
the!first!six!hours,!in!contrast!the!standard!group!received!more!fluid!and!blood,!and!
more! patients! required! vasopressors! and! ventilation! in! the! 7! to! 72Jhour! post!
intervention!(blinded)!period.!There!were!no!differences!in!duration!of!ventilation!or!
vasoactive! support.! Hospital! length! of! stay!was! similar! overall! for! the! two! groups,!
however! survivors! stayed! significantly! less! time! in! hospital! in! the! EGDT! group!
(18±15! days! vs! 14.6±14.5! days,! p=0.04).! TwentyJeightJday!mortality! was! reduced!
from!49.2%!in! the!standard!group!to!33.3%!in!the!protocol!EGDT!(p=0.01),!60Jday!
mortality! was! 56.9%! with! standard! therapy! and! 44.3%! with! EGDT! (p=0.03),! inJ
hospital!mortality!was!46.5%!with!standard!therapy!and!30.5%!with!EGDT!(p=0.01).!
The! study! was! adequately! powered! and! partially! blinded,! although! there! was!
potential!bias! in! that!unJblinded! investigators!provided! the! treatment! in! the! first!six!
hours! and! only! subsequent! treatment! was! blinded.! The! patients! had! notably! low!
ScvO2!and!high! lactate! demonstrating! their! extreme! critical! illness,! arguably!much!
sicker!than!the!majority!of!intensive!care!patients.!This!may!have!been!a!reflection!of!
the!measurement! of! these! variables! earlier! in! the! patients’! presentation! than! prior!
investigations! in! intensive! care! patients! (i.e.! before! significant! resuscitation),! or! a!
reflection! of! late! presentation! of! patients! with! limited! insurance! to! a! US! public!
hospital.!The!escalation!protocol! in! those! in!whom!targets!were!not!met!with! fluids!
and! vasopressors! suggest! either! red! cell! transfusion! or! dobutamine.! The! study!
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results!did!not!delineate!whether!the!improved!outcomes!might!be!due!to!increased!
oxygen!carrying!capacity!(as!with!red!cell!transfusion)!or!increased!oxygen!delivery!
through! increasing! the! cardiac! output! (as! with! inotropic! support).! Either! way! the!
results!clearly!demonstrated!the!benefit!and!importance!of!frontJloading!resuscitative!
care! in! septic! patients! to! restore! oxygen! supply! in! relation! to! demand!as! early! as!
possible!in!the!physiological!insult!of!severe!sepsis!and!septic!shock.!!
At! the! time!of!writing! (December! 2012),! this! study! represented! the! only! highJlevel!
evidence! for! early! goal! directed! therapy! in! sepsis,! however! several! subsequent!
observational! studies! have! emulated! Rivers’! results.! In! a! small! observational!
retrospective!cohort!study!investigating!the!impact!of!a!combined!protocol!for!sepsis!
(30!historical!controls!vs!30!post!implementation)!Kortgen!et!al!(2006)!assessed!the!
impact! of! a! severe! sepsis! treatment! algorithm! which! included! early! goal! directed!
therapy.!Compliance!to!some!protocol!elements!increased!(dobutamine!use,!glucose!
control,! use! of! activated! protein!C! and! hydrocortisone),! volume! of! fluid! and! blood!
products! did! not! differ! between! the! groups.! There! was! a! statistically! significant!
decrease!in!crude!unadjusted!28Jday!mortality!from!53%!in!the!control!group!to!27%!
in!the!intervention!group.!In!a!single!centre!preJpost!intervention!observational!study,!
Sebat! et! al! (2005)! observed! 103! patients! who! received! protocolised! shock!
management! and! compared! them! with! 86! historical! controls.! Protocol! patients!
received! more! prompt! treatment! (times! to! fluid! administration,! ICU! review,!
ICU/theatre! admission! and! pulmonary! artery! catheter! placement).! Crude! hospital!
mortality!was!40.7%!in!the!control!group!and!28.2%!in!the!protocol!group!(p=0.035)!
Although!this!study!was!not!specific!to!septic!shock,!it!demonstrated!the!importance!
and! effectiveness! of! rapid! intervention! in! patients! with! critical! illness.! In! a! singleJ
centre! observational! study! Shapiro! et! al! (2006)! compared! 116! septic! patients!
undergoing!protocolised!care!with!51!historical! controls.!Protocol!patients! received!
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more! fluid,! earlier! antibiotics,! more! vasopressors! in! the! first! six! hours! and! tighter!
glucose!control.!Crude!28Jday!mortality!was!29.4%!in!the!control!group!and!20.3%!in!
the!protocol!group,!however!the!study!was!underpowered!and!the!difference!did!not!
reach! statistical! significance! (p=0.3).! In! a! prospective! pre/post! observational! study!
Micek!et!al!(2006)!collected!data!on!120!consecutive!patients!presenting!with!septic!
shock,! 60!before!and!60!after! implementation!of! protocolised! care.!Patients! in! the!
postJimplementation!group!received!more!fluids!in!the!emergency!department,!were!
more! likely! to! receive!>20ml/kg!before!vasopressor!administration,!and!were!more!
likely!to!receive!appropriate!antibiotic!regimes.!The!requirement!for!vasopressor!use,!
hospital! length! of! stay! and! 28Jday! mortality! were! all! less! after! implementation! of!
protocolised! care.! Crude! 28Jday! mortality! was! 48.3%! before! and! 30.0%! after!
implementation!(p!=!0.04).!In!a!singleJcentre!prospective!observational!cohort!study!
Nguyen!et!al!(2007)!studied!compliance!to!five!key!process!elements!in!patients!with!
severe! sepsis! or! septic! shock`! CVP!monitoring! within! two! hours,! broad! spectrum!
antibiotics! within! four! hours,! complete! early! goal! directed! therapy! by! six! hours,!
corticosteroids! (if! on! vasopressor! or! suspected! adrenal! insufficiency),! monitor! for!
lactate! clearance.!Patients! receiving! complete! bundle! care! increased! from! zero! at!
the! beginning! of! the! twoJyear! study! period! to! 51.2%! by! the! end.! On! multivariate!
analysis!completion!of!early!goal!directed!fluid!therapy!at!six!hours!was!significantly!
associated! with! reduced! mortality.! InJhospital! mortality! was! less! in! patients! with!
completed!bundle!care!than!those!with!incomplete!bundle!care!(20.8!vs.!39.5%,!p!<!
0.01).!Shorr!et!al!(2007)!studied!the!impact!and!costs!of! implementing!protocolised!
care!for!patients!presenting!with!septic!shock.!They!studied!120!patients,!60!before!
and!60!after! implementation!of! the!sepsis!protocol! (based!on! the!SSC!guidelines).!
After!implementation!mortality!was!reduced!(48.3%!vs!30.0%!p=0.04),!as!was!length!
of! stay! (five! days! less,! p=! 0.02).! The! protocolised! care! was! associated! with! an!
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estimated! cost! saving! of! $5,882! (£2941! using! average! exchange! rate! for! 2007`!
p<0.01)!per!patient.!!
Since! the! publication! of! the! 2008! SSC! guidelines,! early! goal! directed! therapy! in!
sepsis!has!been!validated!in!a!number!of!other!studies.!For!example,! in!a!Chinese!
multicenter!study!investigating!the!effect!of!early!goal!directed!therapy,!survival!rate!
increased!by!17.7%! (absolute)!and! ICU!mortality!decreased!by!15.7%! for!patients!
treated! with! EGDT! protocol! when! compared! to! standard! therapy! (Early! GoalJ
Directed!Therapy!Collaborative!Group!of!Zhejiang!Province,!2010).!Several!studies!
have!demonstrated!improvement!in!outcomes!with!increasing!rates!of!compliance!to!
the! SSC! guideline! bundles.! In! a! large! observational! study! Levy! et! al! (2010)!
measured! compliance! to! the! surviving! sepsis! campaign! bundle! guidelines,! in! a!
cohort! of! 15,002! patients! in! 165! international! sites.! Over! the! 2Jyear! study! period!
compliance! to! the! entire! resuscitation! bundle! improved! from! 10.9%! to! 31.3%!
(p<0.0001)!and!the!adjusted!odds!ratio!for!mortality!improved!by!5.4%.!!In!a!smaller!
observational!study!Gao!et!al!(2005)!measured!compliance!to!6J!and!24Jhour!SSC!
guidelines! in! 111! consecutive! patients! with! severe! sepsis! or! septic! shock.!
Compliance! with! the! 6Jhour! bundle! was! achieved! in! 52%! of! patients! and! was!
associated! with! a! significant! improvement! in!mortality! (46! vs! 23%).! Several! other!
smaller!observational!studies!have!demonstrated!similar!improvements!in!outcomes!
with!efforts!to!improve!compliance!to!the!SSC!guideline!bundles!(El!Solh!et!al,!2008`!!
Girardis!et!al,!2009`!Ferrer!et!al,!2009`!CastellanosJOrtega!et!al,!2010`!Gurnani!et!al,!
2010`!Suarez!et!al,!2011).!!In!a!study!of!patients!with!surgical!septic!shock!Pestana!
et!al!(2010)!identified!improvements!in!survival!with!increasing!number!of!compliant!
sepsis! bundle! elements! (odds! ratio,! 1.64`! 95%! confidence! interval,! 1.28J2.1`! p! <!
0.001).! It! is! of! interest! to! note! that! compliance! to! the! SSC! resuscitation! and!
management! bundles! was! low,! often! less! than! 50%! even! at! the! end! of! the!
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improvement!period!in!the!majority!of!reported!observational!studies.!This!highlights!
the! considerable! challenges! of! improvement! in! the! context! of! complex,!
multidisciplinary,!multiJlocation!management!of!severely!septic!patients.(
1.9.2.4(Intravenous(Fluids(
The!2008!SSC!guidelines!report!no!evidence!for!either!crystalloid!or!colloid!fluids!in!
resuscitation!of!septic!patients.!At!the!time!of!writing,!prior!to!beginning!the!ELPQuiC!
project,!modified!starches!were!widely!accepted!and!used!in!sepsis!and!surgery.! It!
was! therefore!pragmatic! that! the!choice!of! fluid!used! for! resuscitation!and!ongoing!
hydration!be!at!the!discretion!of!the!treating!clinicians!on!the!basis!of!local!practices!
and!specific!patient!clinical!scenarios.!
1.9.2.5(Diagnosis(of(pathogens(
The! SSC! guidelines! recommend! taking! at! least! two! blood! culture! samples! and.
appropriate! tissue!sample!cultures!prior! to!starting!antibiotics! to! identify!pathogens!
and! allow! subsequent! deJescalation! from! the! initial! broad! spectrum! empirical!
antibiotics.!The!guidelines!clarify,!however,! that!administration!of!antibiotics!should!
not! be! significantly! held! up! if! there! are! delays! in! obtaining! appropriate! culture!
samples.! ! The! SSC! also! recommend! that! appropriate! investigations! (imaging! and!
sampling)!be!carried!out!promptly!to!identify!the!source!of! infection!(Dellinger!et!al,!
2008).! Imaging! investigations! are! discussed! further! below! (Timing. of. Surgery!
section,!1.9.3).!
!
!
(
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1.9.2.6(Antibiotics(
The!2008!SSC!guidelines!recommend!administration!of!antibiotics!within!one!hour!of!
diagnosis!and!after!appropriate!blood!and!tissue!culture!samples!have!been!taken.!
This! recommendation! is! graded! as! 1B! for! septic! shock! and! 1D! for! severe! sepsis.!
The! SSC! guidelines! also! recommend! that! empirical! antibiotics! should! be! focused!
against!the!likely!pathogens!(Grade!1B).!These!recommendations!were!based!upon!
expert!opinion!and!several!observational!studies,!but!are!supported!by!subsequent!
publications.(
Several! observational! studies! have! demonstrated! a! correlation! between! delays! in!
administration! of! antimicrobial! agents! and! increasing! mortality.! In! a! retrospective!
multiJcentre! audit! of! 2731! patients!with! septic! shock,! Kumar! et! al! (2006)! reported!
timeJtoJantibiotics! as! the! strongest! single! predictor! of! outcome.! If! antibiotics! were!
administered! within! one! hour! of! developing! hypotension,! hospital! mortality! was!
20.1%.!For!every!hour!delay!in!administration!of!antibiotics!mortality!increased!by!an!
average!of!7.6%!per!hour!(absolute!increase).!Despite!a!clear!correlation!of!delays!
with!outcomes,!surprisingly!only!50%!of!cases!received!antibiotics!within!six!hours!of!
onset! of! hypotension,! highlighting! that! prompt! administration! of! antibiotics! is! an!
ongoing!challenge!and!a!target!for!potentially!significant!improvements.!!
In!a!singleJcentre!observational!study!Morrell!et!al!(2005)!identified!157!patients!with!
Candida! blood! stream! infections.! Overall! mortality! was! 31.8%.! Delays! in! starting!
antifungal! treatment! after! positive! blood! cultures! were! taken! was! identified! as! an!
independent! risk! factor! for! mortality.! Administration! of! antifungals! more! than! 12!
hours! after! positive! blood! cultures! were! taken! was! independently! associated! with!
increased!mortality!(odds!ratio!2.09`!95%!confidence!interval!1.53!to!2.84`!p=0.018).!
It! was! concluded! that! delays! in! administration! of! antimicrobial! agents! may! be!
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reduced! by! developing!more! rapid! diagnostic! techniques! and/or! increased! use! of!
empirical!treatment.!Subsequent!studies!demonstrated!a!similar!association!between!
prompt!antibiotic!administration!and!improved!survival!(Ferrer!et!al,!2009).!Puskarich!
et!al!(2011)!reported!a!cohort!of!291!septic!patients,!but!unlike!other!studies!did!not!
find! an! association! between! delays! in! antibiotics! and! mortality.! However,! septic!
patients!who! received! antibiotics! before! development! of! septic! shock! had! a! lower!
mortality! than! patients!who! received! antibiotics! after! developing! shock,! reinforcing!
the!importance!of!early!administration!of!antibiotics!for!patients!with!sepsis.!
A! number! of! observational! studies! have! demonstrated! that! failure! to! initiate!
appropriate! antibiotic! therapy! correlated! with! morbidity! and! mortality.! In! an!
observational! study! of! 612! patients! with! gram! negative! bacteraemia! Kreger! et! al!
(1980)!showed!a!relationship!between!appropriate!antibiotic!treatment!and!mortality.!
Patients! who! received! appropriate! antibiotics! were! about! oneJhalf! as! likely! to! die!
than! those! who! received! inappropriate! treatment.! In! addition,! early! appropriate!
antibiotic!therapy!also!reduced!the!frequency!with!which!septic!shock!developed!by!
about! 50%.! For! those! who! developed! septic! shock! appropriate! antibiotic! therapy!
significantly! reduced! fatality! rates!also!by!about!one!half.! !Similarly,!Leibovici!et!al!
(1998)! reported!outcomes!of!3413!patients!with!sepsis!with!positive!blood!cultures!
(2158!appropriate!antibiotics!vs!1255!inappropriate!antibiotics).!Mortality!and!length!
of!stay!were!significantly!less!in!those!who!had!received!appropriate!antibiotics!(20%!
vs!34%!mortality,!median!length!of!stay!9!days!vs!11!days).!!A!subgroup!analysis!for!
intraJabdominal! infections! revealed! an! odds! ratio! of! death! of! 3.8! (95%!confidence!
interval!2.0J7.1)!and!was!an!independent!risk!factor!for!mortality.!!In!a!singleJcentre!
observational!study!of!patients!with!positive!blood!cultures!on!medical!and!surgical!
ICUs! Ibrahim! et! al! (2000)! reported! outcomes! for! a! prospective! cohort! of! 492!
patients.!Overall!29.9%!received! inappropriate!antibiotics.!Mortality! in!patients!who!
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were!deemed!to!have!received!appropriate!antibiotics!was!28.4%,!versus!61.9%!in!
those!who!had!received!an!inappropriate!antibiotic!regimen!(relative!risk!2.18`!95%!
confidence! interval! 1.77! to! 2.69`! p<0.001).! Again,! administration! of! inappropriate!
antibiotics! was! an! independent! risk! factor! for! hospital! mortality.! In! another! study!
Kumar! et! al! (2009)! reported! outcomes! after! septic! shock! in! 5715! patients! in! an!
international!multiJcentre!observational!study.!Eighty!per!cent!of!patients!with!septic!
shock! received!appropriate!antibiotics.!Mortality! in! those!who! received!appropriate!
antibiotics!was!48.0%!vs!89.7%!in!those!who!received!inappropriate!antibiotics.!The!
evidence! overwhelmingly! endorses! the! 2008! SSC! recommendations! of! the!
imperative! importance! of! prompt! administration! of! appropriate! antibiotics! in! septic!
shock.!!
1.9.2.7(Sepsis(management(in(emergency(surgery(+(Summary(
It! is! clear! from! the! published! evidence! and! expert! opinion! (through! the! SSC!
guidelines)! that! prompt! administration! of! resuscitative! fluid! and! appropriate!
antibiotics!are! imperative! if!patients!with!septic!shock!and!severe!sepsis!are! to!be!
given! the! greatest! opportunity! to! survive.! Furthermore,! prompt! administration! of!
antibiotics! is! beneficial! to! patients! with! infections! prior! to! development! of! severe!
sepsis! or! septic! shock.! For! these! treatments! to! be! optimally! effective! the! patient!
must!be!identified!and!diagnosed!rapidly!(see!Use!of!Early!Warning!Scores!J!section!
1.9.1`! and! Timing! of! surgery! J! section! 1.9.3).! Patients! presenting! for! emergency!
laparotomy! surgery! are! at! high! risk! of! sepsis! (Green! et! al,! 2013).! Prompt!
identification,! administration! of! resuscitative! fluids! and! appropriate! empirical!
antibiotics! must! therefore! form! a! key! part! of! any! strategies! to! improve! care! and!
outcomes.!Local!procedures!should!be!developed!to!guide!appropriate!resuscitation!
and! appropriate! empirical! antibiotic! treatment! for! abdominal! (and! other)! infections!
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based! on! local! antibiotic! susceptibility! profiles! and! likely! causative! organisms! for!
specific!anatomical!infections.(
1.9.3( Timing(of(surgery(
1.9.3.1(Time(to(surgical(intervention!
There!is!a!paucity!of!data!regarding!the!timing!of!surgery!in!the!general!emergency!
laparotomy!population.!Delays!in!diagnosis!and!intervention!have!been!implicated!in!
reviews! of! periJoperative! death! (Cullinane! et! al,! 2003).! There! are! several!
publications! which! present! data! supporting! the! importance! of! timing! in! the!
management!of!the!emergency!surgical!patient.!!
In!an!observational!study!of!304!cases!of!emergency!surgery!for!peritonitis!or!bowel!
obstruction!overall!mortality!was!14%!(ManodJBroca,!1990).!!Mortality!and!length!of!
stay! were! greater! with! increasing! delays! from! onset! of! symptoms! to! surgery.!
Mortality!was!4%!for!patients!who!were!operated!on!within!twelve!hours!of!onset!of!
symptoms,!rising!to!24%!for!patients!who!had!surgery!more!than!twentyJfour!hours!
after!onset!of!symptoms.!This!effect!was!even!more!marked!in!patients!aged!over!80!
years,!in!whom!mortality!was!6%!in!those!who!were!operated!on!within!twelve!hours!
and!45%!for!patients!who!had!delays!of!twentyJfour!hours!or!more.!!!
Illness! duration! prior! to! initial! surgical! treatment! in! patients! with! persisting! intraJ
abdominal! infections! relates! to! mortality.! In! those! with! persisting! intraJabdominal!
infections,! Koperna! &! Schulz! (2000)! showed! that! a! delay! between! onset! of!
symptoms!of!more!than!24!hours!was!associated!with!worse!mortality!(76.8%!versus!
26%,!p=0.0001).! ! In!a!Spanish!study!of!710!patients!over!70!years!old!undergoing!
emergency!general!surgery,!increasing!time!from!admission!to!operation!was!related!
to!increased!mortality!(Arenal!&!BengoecheaJBeeby,!2003).!Those!operated!on!less!
than!72!hours!after!admission!had!15%!mortality,!whereas!those!with!greater!delays!
! 104 
had!27%!mortality!(p=<0.0001).!Similarly,!time!from!onset!of!symptoms!to!admission!
of!greater!than!48!hours!was!associated!with!a!higher!mortality!(28%!versus!16%).!!
In!an!observational!study!of!patients!aged!70!years!or!more!undergoing!emergency!
surgery!for!perforated!peptic!ulcer,!a!delay!between!onset!of!symptoms!and!surgery!
of! greater! than! 12! hours!was! identified! as! a! risk! factor! for!mortality! on! univariate!
analysis.!Delay!of!greater!than!24!hours!was!a!risk!factor!for!morbidity!on!univariate!
analysis! (Su! et! al.! 2010).! Finally,! in! a! study! of! 292! patients! aged! 65! and! older,!
undergoing! emergency! colorectal! procedures! hospital! mortality! was! 15%,! with!
frequent!postJoperative!complications!(35%).!Delay!to!operation!was!associated!with!
increased!postJoperative!mortality!(McGillicuddy!et!al,!2009).!
Delays!in!surgical!intervention!can!be!caused!by!delayed!recognition!of!deterioration,!
poor! appreciation! of! the! degree! of! illness! severity,! delays! in! assessment! by!
appropriately! experienced! medical! staff,! misdiagnoses,! delays! in! referral! to! a!
surgical! team,! delays! in! investigations! and! reporting,! and! inadequate! availability!
and/or!prioritisation!of! emergency! theatre! resources.! !The!HRGSP!document! from!
the! RCSE! and! DOH! recommended! early! senior! review,! as! well! as! prompt! CT!
scanning! and! reporting! by! a! consultant! radiologist! (Anderson! et! al,! 2011).! Early!
diagnostic!imaging!was!recommended!by!the!Surviving!Sepsis!Campaign!(Dellinger!
et! al,! 2008).! These! recommendations! are! all! based! upon! expert! opinion! and! not!
directly! supported! by! published! evidence.! They! are! sensible! and! pragmatic! and,!
despite!lack!of!direct!evidence,!are!hard!to!dispute.!
The!Surviving!Sepsis!Campaign! (SSC)! publications! comment! that! ”the! speed! and!
appropriateness! of! therapy! administered! in! the! initial! hours! after! severe! sepsis!
develops!are!likely!to!influence!outcome”!!and!"infective!foci!should!be!controlled!as!
soon!as!possible!following!successful!resuscitation"!(Dellinger!et!al,!2008).!The!SSC!
guidelines! recommended! that! the! “consideration! for! emergent! source! control! (e.g.!
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diffuse! peritonitis,! intestinal! infarction)! be! sought! and! diagnosed! or! excluded! as!
rapidly! as! possible! (grade!1C)! and!within! the! first! six! hours! following! presentation!
(grade! 1D)”! (Dellinger! et! al,! 2008).! These! recommendations! are! based! on!
observational!evidence!in!patients!with!necrotising!fasciitis,!a!severe!lifeJthreatening!
soft!tissue!infection!(Moss!et!al,!1996`!Boyer!et!al,!2009`!Kobayashi!et!al,!2011).!
1.9.3.2(Source(Control(in(Intra+Abdominal(Sepsis(
Source! control! has! been! defined! as! "any! and! all! physical! means! necessary! to!
eradicate!a!focus!or!infection,!as!well!as!modify!factors!that!maintain!infection,!such!
as! leaking! intestinal! contents"! (Pieracci! &! Barie,! 2007)! or! “all! physical! measures!
undertaken!to!eliminate!a!source!of!infection,!to!control!ongoing!contamination,!and!
to! restore! premorbid! anatomy!and! function”! (Schein!&!Marshall,! 2004).! Therefore,!
source!control!refers!to!the!management!of!patients!with! intraJabdominal! infections!
and!not!the!surgery!or!drainage!themselves.!Source!control!can!take!the!form!of!an!
operative! procedure! or! percutaneous! drainage.! Management! of! intraJabdominal!
infections! and! intraJabdominal! sepsis! has! been! discussed! at! length! (Jimenez! &!
Marshall,!2001`!Schein!&!Marshall,!2004`!Pieracci!&!Barie,!2007`!De!Waele,!2010`!
Marshall,!2010`!Solomkin!et!al,!2010).!The! timing!of!diagnosis,!decisionJtoJoperate!
and!interventions!are!key!determinants!of!outcome!in!surgical!sepsis.!These!factors!
are! potentially! readily! modifiable! factors! and! supporting! evidence! is! discussed!
below.!The!decision!regarding!type!of!source!control!procedure!and!approaches!to!
surgical! sepsis! management! (for! example! percutaneous! versus! operative!
management,! open! versus! laparoscopic! approach)! are! beyond! the! scope! of! this!
thesis.!
Emergency! surgery! to! remove! an! infective! focus! holds!many! risks! and! these! will!
depend! on! a!multitude! of! factors! specific! to! individual! clinical! scenarios.! In! many!
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cases! the!decision! to!operate! to!control! the!source!of!sepsis! is!challenging!due! to!
the!significant! risks!of!morbidity!and!mortality!with!and!without!surgery.!Jimenez!&!
Marshall! (2001)!published!guidelines!on! surgical! source! control! in! sepsis! and! “the!
elusive!process!of!experienced!surgical!judgement!is!invaluable!for!all!but!the!most!
straightforward! problems”.! This! emphasises! that! surgical! decisionJmaking! in! highJ
risk!septic!patients!is!challenging!and!fraught!with!risks!for!the!patient.!The!decision!
to! operate!must! be! a! careful! assessment! of! the! balance! of! risks! to! the! individual!
patient!based!on!their!unique!set!of!clinical!circumstances,!comorbidities!and!wishes.!
Clearly,!however,!there!are!aspects!of!the!process!of!emergency!surgery!to!control!
infection! that! can! be! optimized! to! ensure! patients! arrive! in! the! operating! theatre!
promptly,! without! unnecessary! delays,! having! been! adequately! resuscitated! with!
intravenous! fluids! and! appropriate! antibiotics,! and! having! undergone! appropriate!
tests!to!focus!diagnosis.!!
The! Surviving! Sepsis! Campaign! (SSC)! recommends! establishing! the! source! of!
infection!within!six!hours!and!source!control!as!soon!as!possible!following!successful!
initial! resuscitation! (Dellinger! et! al,! 2008).! The! Infectious! Diseases! Society! of!
America!(IDSA)!have!published!guidelines!for!the!management!of!complicated!intraJ
abdominal! infections! (Solomkin! et! al,! 2010).! These! go! further! that! the! SSC!
guidelines!as!they!recommend!that!patients!with!diffuse!peritonitis!should!proceed!to!
surgery! as! soon! as! possible,! even! if! ongoing! measures! to! restore! physiological!
stability! are! unsuccessful.! These! guidelines! recommend! that! for! patients! without!
evidence! of! haemodynamic! instability! or! acute! organ! failure,! interventions! can! be!
delayed! for! up! to!24!hours,! providing!appropriate!antibiotic! treatment! and!ongoing!
monitoring! is! instigated! (Solomkin! et! al,! 2010).! IntraJabdominal! infections! of! any!
cause!are!associated!with!high!mortality.!An!observational!study!of! intraJabdominal!
sepsis! has! estimated! mortality! after! intraJ
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associations!between!successful!operation,!physiological!severity!score!(APACHE2),!
age!and!liver,!renal!or!malignant!diseases!(Wacha!et!al,!1999).!Similarly,!inadequate!
source!control!has!been!shown!to!be!associated!with!increased!mortality!in!surgical!
sepsis!(Barie!et!al,!2004).!!
The!requirement!for!reJlaparotomy!has!been!associated!with!a!significant!increase!in!
the!risk!of!mortality!of!>50%!absolute!mortality!(Koperna!&!Schulz,!2000).!Delays!in!
reJlaparotomy! in!patients!with!postJoperative! intraJabdominal!sepsis!are!associated!
with!lesser!ability!to!control!infection!and!worse!outcome!(Koperna!&!Schulz,!2000`!
Mulier! et! al,! 2003).! However,!metaJanalysis,! shows! no! evidence! of! superiority! for!
planned!reJlaparotomy!(for!all!patients)!or! reJlaparotomy!onJdemand!(Lamme!et!al,!
2002).! The! urgency! of! intervention! is! defined! by! NCEPOD`! immediate! (within!
minutes),! urgent! (within! hours),! expedited! (within! days)! and! elective! (National!
Confidential! Enquiry! into! Perioperative! Deaths,! 2004).! A! similar! threeJtier!
classification! of! urgency! specifically! for! surgical! sepsis! source! control! procedures!
has!been!described!by!De!Waele!(2010).!Level!one!encompasses!emergent!source!
control! (within! one! to! two! hours)! for! patients! in! whom! delay! will! likely! worsen!
mortality! (examples! include! necrotising! fasciitis,! intraJabdominal! infections! with!
organ! dysfunction! or! abdominal! compartment! syndrome).! Level! two! encompasses!
urgent! source! control! for! patients! in! whom! it! is! an! imperative! part! of! sepsis!
management! yet! delays! are! unlikely! to! worsen! outcome! providing! adequate!
antibiotics!and! resuscitation.! Level! two! timing! suggestions! include!operation!within!
three! hours! for! those! with! impending! organ! dysfunction! or! generalised! peritonitis.!
Level! three!encompasses!delayed!source!control! for!stable!patients! in!whom!delay!
will!not!affect!outcome.!Examples! include!those!with!necrotizing!pancreatitis!where!
delayed! surgery! has! been! demonstrated! to! improve! outcomes! by! allowing!
demarcation!of! the! infected!area!and! reducing!subsequent!damage! to!surrounding!
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tissues.! While! this! classification! of! urgency! is! more! specific,! the! NCEPOD!
classification!is!wellJestablished!in!the!UK!and!is!applicable!to!all!surgical!cases!not!
just!those!with!sepsis.!
1.9.3.3(Timing(of(surgery(+(Summary(
The!evidence!supports!the!logical!notion!that!delays!in!surgical!intervention,!for!lifeJ
threatening!general!surgical!emergencies,!have!the!potential!to!cause!unnecessary!
and!preventable!preJoperative!deterioration.!This! in! turn!can!worsen!postJoperative!
morbidity! and!mortality.! Therefore,! any! interventions! that! are! aimed! at!minimizing!
preJoperative!delays!are!likely!to!benefit!patients.!
It! is! wellJestablished! that! fluid! resuscitation! and! antibiotic! administration! are! the!
mainstay! of! immediate! sepsis! management.! It! is! equally! important! to! diagnose!
promptly!septic!source!and! identify!surgically! remediable!sources!of! infection.!This!
requires!ready!access!to!senior!clinicians,!radiological!investigations!(e.g.!CT!scans!
and!abdominal!ultrasound)!and!senior! radiology!support! to! interpret! investigations.!
Once! a! decision! for! operative! intervention! is! made! (i.e.! source! control),! prompt!
access! to! emergency! operating! theatres! is! required.! To! delay! source! control! and!
stabilise!patients!with!severe!sepsis!and!septic!shock!may!allow!better!tolerance!of!
subsequent! general! anaesthesia! and! the! physiological! insult! of! surgery.!However,!
delays!should!be!a!balance!of!perceived!benefit!of!resuscitation!and!the!potential!for!
further!deterioration!without!prompt! source!control.! It! has!been! recommended! that!
this!process!should!not!take!more!than!two!to!three!hours!(De!Waele,!2010).!!!
For! patients! without! established! sepsis! it! is! difficult! to! predict! who! will! go! on! to!
develop! it.! National! and! international! guidelines! recommend! operative! intervention!
should!not!be!delayed!unnecessarily! (Dellinger!et!al,!2008`!Anderson!et!al,!2011).!
Therefore,!a!pragmatic!conclusion!is!that!all!patients!presenting!with!intraJabdominal!
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emergencies! requiring! operative! intervention! should! occur! within! six! hours! of! the!
decision.! For! patients! with! organ! dysfunction,! severe! sepsis! or! septic! shock,! and!
those! at! high! risk! of! deterioration! (for! example! major! haemorrhage! or! gastroJ
intestinal!perforation)!operation!should!proceed!within!less!than!two!hours.!
1.9.4( Consultant(involvement(
Consultant! input!to!highJrisk!emergency!surgical!cases!is!recommended!by!several!
UK! national! bodies! (Association! of! Surgeons! of! Great! Britain! and! Ireland,! 2007`!
Anderson!et!al,!2011`!Royal!College!of!Surgeons!of!England,!2011`!Association!of!
Surgeons!of!Great!Britain!and!Ireland,!2012).!The!HRGSP!document!from!The!Royal!
College!of!Surgeons!of!England!and!the!UK!Department!of!Health!(Anderson!et!al,!
2011)!recommended!patients!with!a!predicted!preJoperative!mortality!of!greater!than!
5%!should!have!active!consultant!input!in!their!periJoperative!care,!and!those!with!a!
predicted! mortality! of! greater! than! 10%! should! have! intraJoperative! care! directly!
supervised! by! a! consultant! surgeon! and! consultant! anaesthetist`! a! pragmatic!
recommendation!without!evidence!to!support!it.!Indeed,!the!figure!of!10%!predicted!
mortality!was!chosen!as!an!achievable!goal,! rather! than!an!evidenceJbased! target!
for! best! practice! (personal! correspondence! with! one! of! the! reports’! authors,!
Professor! C! Peden).! According! to! a! recent! survey! of! UK! consultant! General!
Surgeons! more! that! 70%! agreed! that! the! presence! of! a! consultant! surgeon! and!
consultant! anaesthetist! during! emergency! surgery! would! improve! care! without!
harming!training!(Association!of!Surgeons!of!Great!Britain!and!Ireland,!2010).!
In! the! USA,! a! model! for! emergency! surgery! has! emerged! named! Acute! Care!
Surgery! (ACS).!This!model!describes!consultantJlevel!surgeons!dedicated! to!acute!
surgery,! with! responsibility! for! periJoperative! surgical! intensive! care.! Moore! et! al!
(2011)! reviewed!outcomes!after!emergency!colonic!surgery! in!patients!with!severe!
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sepsis! and! septic! shock.! They! compared! 48! patients! from! their! own! institution,! in!
which! there!was!an!established!ACS!programme,!with!data! from!1101!patients!on!
the! National! Surgical! Quality! Improvement! Program! database.! They! described!
similar! goals! to! other! guidelines,! namely! sepsis! screening,! protocolised! care,! preJ
operative! resuscitation,! source! control! within! six! hours,! consultantJlevel! delivered!
care,!damage!control!surgery!and!periJoperative!intensive!care.!ThirtyJday!mortality!
was! 28%! in! the! ACS! institution! and! 40.1%! in! the!NSQIP! database! (p=0.06).! The!
study! was! limited! by! the! small! ACS! cohort! from! a! single! centre,! lack! of! illness!
severity! comparators! and! lack! of! specific! detail! of! ACS! protocols! and! compliance!
data.!
Turrentine!et!al!(2006)!reported!outcomes!after!surgery! in!a!single! institution!in!the!
USA.!Increasing!duration!of!surgery!was,!among!others,!an!independent!risk!factor!
for!increased!risk!of!mortality.!Turretine!et!al!estimated!that!an!increase!in!operative!
duration!of!30!minutes! increased! the!odds!of!mortality!by!17%! in!patients!over!80!
years! of! age.! The! study! did! not! collect! data! on! the! seniority! of! surgeon! or!
anaesthetist.! Longer! operations! are! likely! to! be! more! complex! in! nature! and!
therefore!convey!a!greater!risk!to!the!patient.!However,!it!is!likely!that!clinicians!with!
greater! clinical! experience! are! likely! to! be! able! to! perform! procedures! faster! than!
more!junior!colleagues.(
1.9.4.1(Consultant(involvement(+(Summary(
There! is! a! paucity! of! evidence! to! guide! seniority! of! attending! clinicians! during! the!
periJoperative! management! of! emergency! laparotomy! cases.! Surgical! decisionJ
making!in!highJrisk!general!surgery!is!complex!and!dependant!on!individual!patients’!
clinical! presentation,! their! comorbidities,! their! wishes,! as! well! as! external! factors!
such! as! resource! limitations! and! competing! contemporaneous! emergencies.! The!
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most! appropriate! clinician! to! lead! these! complex! decisions! in! the! highest! risk!
patients!is!the!surgical!consultant!responsible!for!the!patient,!as!they!are!more!than!
likely! the! most! experienced! in! managing! surgical! emergencies! and! are! ultimately!
responsible! for! the! patients’! care.! Therefore,! their! direct! involvement! in! the! periJ
operative!management!of!highJrisk!general!surgical!cases!is!imperative.(
1.9.5( Goal(Directed(Fluid(Therapy((GDFT)(in(Emergency(General(Surgery!
Goal! directed!Fluid!Therapy! describes! the! use! of! specified! goals! and!protocols! to!
ensure! optimal! timing! and! volume! of! intravenous! fluid.! The! review! that! follows!
summarises! identified! individual! studies! relevant! to! the! perioperative! goal! directed!
fluid! management! of! emergency! laparotomy! cases.! This! includes! a! background!
history!of!goal!directed! techniques! from! their! inception!and! their!development!over!
the!last!30!years,!and!studies!of!GDFT!in!various!related!patient!groups.!
Outcomes! after! surgery! have! far! reaching! consequences.! Any! morbidity! after!
surgery! has! lasting! effects! on! long! term! mortality! (Khuri! et! al,! 2005).! Patients!
presenting! for! emergency! intraJabdominal! surgery! are! often! elderly! with! multiple!
comorbidities.! The! emergent! nature! of! their! presentation! limits! opportunities! to!
reduce! risk! by! optimising! management! of! comorbidities.! The! increased! risk! of!
concurrent!sepsis!further!increases!periJoperative!risks!of!morbidity!and!mortality!in!
patients! presenting! for! emergency! intraJabdominal! surgery.! There! has! been!
considerable! interest! to! optimise! tissue! oxygen! delivery! in! sepsis! and! the! periJ
operative! setting,! with! evidence! suggesting! survival! benefit,! reduction! in!
complications!and!hospital!length!of!stay.!Numerous!goals!have!been!used!with!the!
primary!aim!of!ensuring!adequate!tissue!oxygenation,!avoiding!underJperfusion!and!
the!cumulative!development!of!tissue!oxygen!deficit.! ! In!the!1980s!Shoemaker!and!
colleagues! (Shoemaker! et! al,! 1988`! Bland! et! al,! 1985`! Shoemaker! et! al,! 1992)!
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demonstrated! that! survivors! after! major! surgery! had! higher! oxygen! delivery! than!
nonJsurvivors.! They! proposed! that! this! demonstrated! the! increased! oxygen!
requirements!associated!with!the!insult!of!major!surgery!and!that!increasing!oxygen!
delivery! (to! match! that! of! survivors)! was! a! more! appropriate! target! than! merely!
targeting!normal!physiological!values.!To!test!this!theory!a!pulmonary!artery!catheter!
(PAC)! was! used! to! measure! cardiac! output! with! the! thermodilution! technique,! in!
patients!after!highJrisk!emergency!surgery!(Shoemaker!et!al,!1988).!Two!data!series!
were!collected!in!a!single!institution!over!seven!years.!Patients!were!included!if!they!
fulfilled!one!or!more!of! the!defined!preJmorbid!and!periJoperative!highJrisk!criteria`!
age! >70! years,! oesophagectomy,! major! trauma,! cardiovascular! comorbidity,!
massive! blood! loss,! septicaemia,! respiratory! failure,! acute! abdominal! catastrophe,!
acute!renal!failure,!lateJstage!vascular!disease.!The!first!series!was!not!randomised,!
patients! were! allocated! according! to! surgical! services! (rotationally)! and! whether!
protocol! staff! were! the! admitting! physician.! In! the! second! series! patients! were!
randomised!to!one!of!three!groups`!CVP!control!group,!PAC!control!group!and!PAC!
protocol!group.!Each!group!was!managed!according!to!preJdefined!cardiorespiratory!
goalJdirected! protocols.! The! groups! were! treated! with! fluids,! inotropes! and!
vasopressors! targeted! to! specific! PAC! derived! variables.! Indexed! oxygen! delivery!
(DO2i)! was! targeted! to! 450J500! ml/min/m2! in! the! PAC! control! group! and! >600!
ml/min/m2! in! the!PAC!protocol!group.!Thirty!patients!were! randomised! to! the!CVP!
control! group,! 30! to! the! PAC! control! group! and! 28! to! the! PAC! protocol! group.!
Cardiac! index,!VO2!and!DO2!were!all!statistically!significantly!higher! in!the!protocol!
group! indicating! reasonable! adherence! to! the! protocol.! Mortality! was! 23%! in! the!
CVP!control!group,!33%!in!the!PAC!control!group!and!4%!in!the!PAC!protocol!group.!
Morbidity! and! hospital! costs! were! significantly! lower! in! the! protocol! group.! The!
choice! of! targeting! supraJnormal! values! was! justified! on! previous! observational!
studies!that!demonstrated!higher!measured!oxygen!delivery!in!survivors!versus!nonJ
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survivors!after!major!surgery!(Bland!et!al,!1985,!Shoemaker!et!al,!1988`!Shoemaker!
et!al,!1992).!Therefore,!survival!was!more! likely! if!oxygen!delivery! (increased!DO2i!
and! cardiac! index)! was! increased! in! response! to! the! raised! oxygen! consumption!
(VO2i)! of! the! periJoperative! period.! It! was! noted! that! the! use! of! a! PAC! to! target!
normal!physiological!values!did!not!itself!improve!outcomes!J!indeed!mortality!in!the!
PAC! control! group!was! higher! than! the!CVP! control! group.!However,! using!PACJ
derived! variables! to! target! supraJnormal! values! reduced! mortality,! morbidity! and!
hospital! costs.!There!was!a!subgroup!of!patients!with!high!cardiac!output! reached!
targeted!goals!prior!to!any!intervention!and!included!septic!patients!and!patients!with!
high! cardiac! output.! There! were! several! study! limitations.! Firstly,! the! randomised!
proportion!of!the!reported!cases!was!small,!comparing!only!30!control!patients!to!28!
protocol!patients.!Secondly,! inclusion!criteria! included!a!mix!of!preJmorbid,!surgical!
and! periJoperative! variables!with! the! potential! to! recruit! a! broad! range! of! patients!
with! variable! risk! for! a! variety! of! surgical! procedures.! Finally,! details! of! surgical!
procedure! are! missing,! making! it! difficult! to! compare! periJoperative! risk! between!
groups.!
Subsequently,! several! studies! were! published! into! the! utility! of! PAC! derived! periJ
operative!targeted!therapy.!Safety!concerns!regarding!the!use!of!PACs!have!made!
their! place! in! modern! periJoperative! management! virtually! obsolete! in! the! UK.!
However,! historical! trials! using! the! PAC! formed! the! origins! of! periJoperative! goal!
directed! therapy! and! therefore! warrant! inclusion.! ! Boyd! et! al! (1993)! published! a!
single! centre! randomised! control! trial! of! targeted! supraJnormal! oxygen! delivery!
directed!using!PAC!and!dopexamine! to! increase!DO2! to!>600!ml/min/m2.! !Patients!
presenting! for! major! highJrisk! surgery! were! randomised! to! control! (n=53)! and!
intervention!groups! (n=54).!Mortality!was!22%! in! the!control!group!versus!5.7%! in!
the!intervention!group.!Complication!rates!in!the!intervention!group!were!half!that!of!
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the! control! group.! Each! group! contained! similar! proportions! of! emergency! cases,!
vascular! surgery! and! abdominal! procedures.! Differences! were! most! marked! in!
abdominal!procedures.!
In! a! single! centre! study! Wilson! et! al! (1999)! randomised! 138! high! risk! elective!
surgical! patients! to! receive! usual! care! or! preJoperative! optimisation! of! oxygen!
delivery! using! PAC,! fluids! and! either! adrenaline! or! dopexamine.! All! intervention!
patients! were! cared! for! preJand! postJoperatively! in! intensive! care.! Of! the! control!
patients!30/46!were!cared!for!on!intensive!care!postJoperatively,!the!remainder!on!a!
general!ward.!The!groups!were!similar!in!demographics!and!included!elective!major!
vascular,! upper! gastrointestinal! cancer,! major! colorectal! and! major! urological!
surgeries.! Control! group!mortality! was! significantly! higher! than! in! the! intervention!
groups!(17%!vs!3%).!Morbidity!and!length!of!hospital!stay!were!significantly!lower!in!
the! dopexamine! optimisation! group.! It! was! concluded! that! preJoperative! fluid!
optimisation! and! dopexamine! may! provide! significant! improvements! in! patient!
outcome! if! more! widely! adopted.! There! were! potential! confounding! factors,!
particularly! that! not! all! control! patients! were! cared! for! on! intensive! care! post!
operatively,!despite!being!deemed!high!risk!(by!virtue!of!being!included!in!the!study).!
The!study!is!somewhat!pragmatic!in!that!periJoperative!care!of!control!patients!was!
not!protocolised,!but!was!at!the!discretion!of!the!attending!anaesthetist.!The!impact!
of!the!intervention!on!mortality!could!potentially!be!in!part!due!to!increased!utilisation!
of!postJoperative!intensive!care!in!the!intervention!groups.!
Lobo!et!al! (2000)! randomised!37!high! risk!surgical!patients!aged!over!60!years! to!
receive!postoperative!fluid!and!inotrope!therapy!using!a!PAC.!The!protocols!targeted!
an!oxygen!delivery!goal!of!>520!ml/min/m2!in!the!control!group!and!>600!ml/min/m2!
in! the! protocol! group! J! with! the! addition! of! dobutamine,! if! required,! to! increase!
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oxygen!delivery!once! fluid!optimisation!was!completed.!A!60%!reduction!of!60Jday!
mortality!and!a!reduction!in!complications!was!recorded!in!the!protocol!group.!
In!a!multicentre!trial,!Sandham!et!al!(2003)!studied!the!impact!of!using!PACJderived!
GDT! in! high! risk! surgery.! They! randomised! 1994! highJrisk! patients! undergoing! a!
variety! of! highJrisk! surgeries! (age!>60! years,!ASA!3+,!major! abdominal,! vascular,!
thoracic!and!hip! fracture!surgery),! including!a!proportion!of!urgent!and!emergency!
cases.! Patients! in! the! GDT! group! had! a! PAC! placed! prior! to! surgery! and! were!
managed!according! to!preJdefined!physiological!goals! (DO2!550J600!ml/min/m2,!CI!
3.5J4.5! l/min/m2,! together! with! additional! BP,! HR! and! haematocrit! targets).! No!
specific!GDT!protocol!was!utilised.!There!was!no!difference!in!mortality!or!length!of!
stay! between! the! control! and! GDT! groups,! but! there! was! a! higher! incidence! of!
pulmonary!embolus!in!the!PAC!group.!This!study!constitutes!the!largest!in!terms!of!
patient!number,!however,!a!large!proportion!of!patients!were!lost!to!followJup.!
Gan! et! al! (2002)! randomised! 98! adult! patients! undergoing! moderateJrisk! elective!
general,! urological! or! gynaecological! surgery.!Cardiac!output!was!monitored!using!
an! oesophageal! Doppler! monitor! (ODM).! Protocol! patients! received! boluses! of!
starch!targeted!to!maximal!SV!and!systolic!flow!time!corrected!for!heart!rate!(FTc).!
Control!patients!received!starch! fluid!boluses! in!response!to!defined!goals! in!CVP,!
BP,!HR!and!urine!output.!No!difference!in!mortality!was!observed.!The!time!to!return!
of!gut!function!and!postJoperative!nausea!and!vomiting!was!reduced!in!the!protocol!
group.!There!was!a!modest!reduction!in!length!of!hospital!stay!in!the!protocol!group.!!
In! another! randomised! control! trial! of! fluid! optimisation! using!ODM,!Conway! et! al!
(2002)! demonstrated! that! targeting!maximal!SV!and!FTc!>0.35s! improved! cardiac!
output!parameters!at!the!end!of!surgery!when!compared!to!standard!care.!The!study!
included!adult!patients!presenting! for!elective!colorectal!surgery`!emergency!cases!
were! excluded.! There! was! no! statistically! significant! reduction! of! postJoperative!
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complications,!length!of!stay!or!mortality.!However,!there!was!a!significantly!reduced!
requirement!for!postJoperative!intensive!care!in!the!protocol!group.!
Wakeling!et!al!(2005)!studied!the!effect!of!intraJoperative!fluid!optimisation!using!an!
ODM! on! outcomes! after! elective! colorectal! resections! in! a! single! centre.! One!
hundred!and!twentyJeight!patients!were!randomised!to!receive!intraJoperative!colloid!
boluses!guided!by!either!CVP!alone!or!ODM!monitoring.!The! intervention!protocol!
prompted!fluid!bolus!administration!to!achieve!a!sustained!stroke!volume!increase!of!
>10%! and! an! increase! in! CVP! of! <3mmHg.! Stroke! volume,! cardiac! output! and!
oxygen!delivery!were!all!significantly!higher!at!the!end!of!surgery!in!the!ODM!group!
and!mean!hospital!length!of!stay!was!significantly!reduced!from!11.5!to!10!days.!In!
addition,!in!the!ODM!group!there!was!a!reduction!in:!time!to!bowels!opening!and!full!
diet`! complications`! and! the! number! of! patients! suffering! complications,! including!
gastrointestinal! complications.! Intervention! patients! reported! an! improvement! in!
quality!of!recovery!scores!on!days!5!and!7,!but!there!was!no!effect!on!mortality.!
Pearse! et! al! (2005a)! published! a! randomised! control! trial! of! postJoperative! GDT!
targeting!supraJnormal!oxygen!delivery!(>600!ml/min/m2)!with!fluids!and!dopexamine!
guided! by! cardiac! output! measured! by! lithium! dilution! and! pulse! power! analysis!
(LIDCO).!The!advantages!of!using! this!method!of!cardiac!output!measurement!are!
that!it!is!less!invasive,!only!requiring!an!arterial!catheter,!rather!than!a!PAC!with!its!
potential! complications,! or! an!ODM,!which! is! not!well! tolerated! in! awake! patients.!
The! LIDCO! method! allows! monitoring! of! cardiac! output! whether! the! patient! is!
sedated! and! ventilated! or! awake.! The! study! randomised! patients! to! receive! ether!
standard!care!(n=60)!or!GDT!(n=62)!and!was!terminated!early!after!interim!analysis!
reached! its!primary!endpoint! of! significantly! reducing!postJoperative! complications.!
Standard! (control)! care! targeted! colloid! fluid! bolus! administration! of! gelatine!
targeting! a! sustained! rise! in! CVP.! GDT! protocol! care! targeted! fluid! boluses! to! a!
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sustained! increase! in! stroke! volume! of! >10%! for! 20! minutes,! after! which!
dopexamine!was!started!on!those!patients!who!did!not!achieve!an!oxygen!delivery!
index! (DO2i)! of! >600! ml/min/m2.! Patients! were! randomised! on! admission! to! the!
intensive!care!unit!postJoperatively!and!received!protocolised!care!for!the!first!eight!
hours,!after!which!all!patients!received!standard!care!as!dictated!by!their!responsible!
clinicians.! The! protocol! group! patients! had! a! significantly! higher! oxygen! delivery,!
fewer! patients! suffered! complications! (44%! vs! 68%),! the! number! of! complications!
per!patient!was!less!(0.7!vs!1.5),!and!the!length!of!hospital!stay!were!reduced!(mean!
17.5!vs!29.5,!median!11!vs!14).!No!significant!difference!in!mortality!was!observed.!
This!study!was!a!single!centre!study!and!is!underpowered!due!to!being!terminated!
early!after!reaching!its!primary!endpoint!at!interim!analysis.!
Szakmany! et! al! (2005)! studied! the! difference! in! postJoperative! inflammatory!
response! in! highJrisk! elective! patients! undergoing! major! gastrointestinal! cancer!
surgery.! Patients! were! randomised! to! receive! intraJoperative! fluid! management!
guided!by!either!CVP!(8J12!mmHg)!or!intravascular!thoracic!blood!volume!(IBTV)!as!
derived! by! thermodilution! using! the! PiCCO! system.! There! were! no! observed!
differences! in! measured! cardiac! output! parameters! during! operation! or! postJ
operative! inflammatory! response.! Each! group! received! similar! volumes! of! fluid!
intraoperatively.!Mortality!outcomes!were!similar! in! the! two!groups,! the!authors!do!
not!report!morbidity!or! length!of!stay!due!to!small!sample!sizes!and! lack!of!power.!!
Lobo! et! al! (2006)! randomised! highJrisk! elective! surgical! patients! to! receive!
optimisation!of!oxygen!delivery!(using!a!PAC)!using!either!fluids!alone!or!fluids!and!
dobutamine!both!intraJoperatively!and!during!postJoperative!intensive!care.!TwentyJ
five!patients!were! randomly!allocated! to!each!group.!Cardiovascular! complications!
were! significantly! reduced! in! the! dobutamine! group.! Mortality! was! less! in! the!
dobutamine!group`!however,!this!did!not!reach!statistical!significance.!
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Noblett! et! al! (2006)! optimised! intraoperative! fluids! using! the! ODM! on! elective!
colorectal! resections.! They! randomised! 108! patients! to! receive! usual! care! or! fluid!
optimisation! using! colloid! boluses! guided! by!ODM!derived! variables! (FTc! >350ms!
and!∆SV!>10%).!There!was!a!significant!reduction!in!hospital!length!of!stay,!time!to!
return!of!oral!intake!and!intermediate/major!complications,!a!lower!rate!of!unplanned!
intensive! care! admission! and! reduced! inflammatory! cytokine! release! in! the! ODM!
group.!There!was!no!difference!in!total!fluid!administration!between!groups,!however!
the!ODM!group!received!a!greater!amount!of!fluid!during!the!early!stages!of!surgery.!
so! that! the! timing! of! fluid! administration! may! be! important! to! improve! outcomes.!
Donati!et!al!(2007)!used!oxygen!extraction!ratio!as!a!target!for!goal!directed!therapy.!
The!oxygen!extraction!ratio!is!the!difference!between!the!partial!pressure!of!oxygen!
in! arterial! blood! and! mixed! (central)! venous! blood.! Patients! were! randomised! to!
receive!either!standard!care! (n=67)!or!protocolised! fluid!and!dobutamine! (n=68)! to!
achieve! and! maintain! an! oxygen! extraction! ratio! of! <27%! and! central! venous!
pressure!of!>10!mmHg.!Protocolised!care!was!administered!intraJoperatively!and!for!
six!hours!postJoperatively.!Similar!volumes!of!fluid!were!administered!in!each!group,!
but! the! protocol! group! received! fluid! earlier.! More! patients! in! the! protocol! group!
received! dobutamine,! at! a! higher! average! dose.! Standard! monitoring! parameters!
were! similar! (HR,! BP,! temperature,! PaO2/FiO2! ratio),! but! the! protocol! group! had!
higher!CVPs!and!lower!serum!lactate!at!the!end!of!operation.!Patients!in!the!protocol!
group!had!a!significantly!reduced!length!of!stay!and!incidence!of!organ!failure.!
Lopes! et! al! (2007)! assessed! the! efficacy! of! using! pulse! pressure! variation! in!
mechanically!ventilated!patients! to!guide! intraJoperative! fluid!administration.!ThirtyJ
three!highJrisk!elective!surgical!patients!(general,!hepatobiliary!and!urological)!were!
randomised!to!receive!standard!management!(n=16)!or! fluid!management! targeted!
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at!maintaining!a!pulse!pressure!variation!of!less!than!10%!using!an!iBPplus!monitor!
(n=17).! Protocol! patients! received! significantly! larger! volumes! of! fluid! intraJ
operatively`! had! a! significantly! shorter! length! of! hospital! stay`! fewer! days! of! postJ
operative! mechanical! ventilation`! shorter! intensive! care! length! of! stay`! and! fewer!
complications.!Fewer!patients!died!in!the!protocol!group,!but!did!not!reach!statistical!
significance.!This!pilot!study!demonstrated!the!potential! for!using!less! invasive!and!
somewhat!less!complex!markers!of!optimal!fluid!administration.!
Buettner!et!al!(2008)!measured!the!efficacy!of!systolic!pressure!variation!as!a!target!
for! intraoperative! fluid! administration.! Eighty! patients! undergoing! bowel! resection!
(general! surgical! and! gynaecological)! were! randomised! to! receive! either! standard!
care! or! intraoperative! fluid! administration! guided! by! systolic! pressure! variation! (as!
determined! by! LIQUO! software! and! stroke! volume! variation! by! uncalibrated!
PiCCOplus! monitoring! (PiCCOplustm,! Pulsion! Medical! Systems! AG,! Munich,!
Germany).!On!average!protocol!patients!received!535!ml!more!fluid!intraJoperatively!
when!compared!to!the!control!group.!However,!there!were!no!differences!in!duration!
of! mechanical! ventilation,! ICU! length! of! stay,! hospital! length! of! stay! or! mortality.!!
Senagore! et! al! (2009)! reported! a! study! of! 64! randomised! patients! undergoing!
elective!laparoscopic!colorectal!resection.!Patients!were!assigned!to:!a!control!group!
(standard! care)`! an! ODMJguided! crystalloid! fluid! group! or! an! ODM! guided! colloid!
fluid! group.! In! contrast! to! other! studies! of! ODMJguided! intraJoperative!GDFT,! the!
shortest!length!of!stay!was!in!the!control!group!and!this!group!received!significantly!
more! fluid! during! their! hospital! stay! and! it! was! concluded! that! ODMJguided! fluid!
therapy!conferred!a!method!of! reducing! fluid!administration.!Mortality!was! lower! in!
the!protocol!group!(2.3!vs!4.3%)!but!did!not!reach!statistical!significance.!
In! a! single! centre! randomised! control! the!Vigeleo/Flowtrac! (Edwards! Lifesciences,!
Irvine,!CA,!USA)!system!was!used!to!guide!fluid!administration!to!at!maintain!stroke!
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volume!variation! (SVV)!at! less! than!10%!and!a!cardiac! index! (CI)!of!>2.5! l/min/m2!
(Benes!et!al,!2010).!!The!study!included!120!patients!undergoing!elective!colorectal,!
pancreatectomy! and! major! vascular! procedures! with! one! or! more! preJdefined!
significant!comorbidities.!Patients!were! randomised! to! receive!either!standard!care!
or! intraJoperative! fluid! boluses! (3!ml/kg)! targeting!SVV!<10%,!with! the! addition! of!
dobutamine! if! CI<2.5!ml/min/m2.! ! Increased! haemodynamic! stability,! lower! arterial!
lactate! concentration! at! the! end! of! surgery! and! decreased! incidence! of! postJ
operative! complications! was! measured! in! the! protocol! group.! Mortality,! hospital!
length!of!stay!and!ICU!stay!were!not!altered!on!intentionJtoJtreat!analysis.!However,!
on! analysis! of! patients! who! received! adherent! protocol! treatment! reduction! of!
morbidity! was! associated! with! a! shorter! length! of! stay.! It! was! also! observed! that!
those!patients!who!suffered!complications!had!a!significantly!higher!arterial! lactate!
concentration!and!lower!cardiac!index,!indicating!that!these!variables!are!markers!of!
poor! tissue! oxygenation.! It! was! proposed! that! goal! directed! fluid! therapy! (GDFT)!
allows!timely!administration!of!fluid!in!response!to!haemodynamic!changes!and!may!
be! a! key! element! to! successful! GDFT.! The! study! inclusion! and! exclusion! criteria!
tried! to! reduce! the! influence!of! confounders!when!using!pulse! pressure!waveform!
analysis! variables! (e.g.! SVV).! Variations! in! tidal! volume! or! heart! rate,! cardiac!
arrhythmias! and! use! of! vasopressors! (and! resultant! changes! in! systemic! vascular!
resistance)!may!influence!SVV!efficacy.!
The! efficacy! of! directing! intraJoperative! fluid! administration! targeted! at! the!
plethysmography!variability! index!(PVI)!was!recorded!by!Forget!et!al!(2010).!PVI!is!
the!variability!in!the!amplitude!of!the!plethysmography!(peripheral!oxygen!saturation)!
waveform! in! mechanically! ventilated! patients.! The! study! randomised! 82! patients!
undergoing! a! range! of! general! surgical! highJrisk! cases,! including! upper! or! lower!
gastroJintestinal,!or!hepatobiliary!resections.!The!control!group!received!protocolised!
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care!to!mimic!standard!practice!(fluid!bolus!administration!in!response!to!blood!loss!
and!CVP,!fluids!and!noradrenaline!in!response!to!hypotension)!or!PVI!protocol!care!
(fluid! boluses! in! response! to! PVI! >13%,! noradrenaline! in! response! to! persistent!
hypotension!after!fluid!optimisation).!Protocol!patients!received!significantly!less!fluid!
intraJoperatively,!with!lower!arterial!lactate!concentration!intraJoperatively!and!for!48!
hours!postJoperatively.!The!control!protocol!differed!from!the!intervention!protocol!in!
that!hypotension!prompted!additional!fluid!administration.!No!differences!in!mortality,!
incidence! of! complications! or! hospital! length! of! stay! were! observed.! It! was!
concluded! that! the! use! of! PVI! to! guide! fluids! allows! tailored! individual! fluid!
management!that!reduced!the!evidence!of!tissue!hypoxia!(i.e.!lower!lactate!levels).!
Jhanji!et!al!(2010)!randomised!135!patients!to!receive!fluids!directed!by!either!stroke!
volume!optimisation!alone,! stroke!volume!optimisation!with!a! continuous! fixedJrate!
lowJdose! dopexamine! infusion! or! a! control! protocol! consisting! of! fluid! therapy!
targeted!at!CVP.!The!study!included!patients!undergoing!a!mix!of!highJrisk!general!
surgical! procedures! (upper! gastroJintestinal,! pancreatic! and! lower! gastroJintestinal!
surgeries).! Stroke! volume! parameters! were! derived! using! the! LiDCO! system.!
Patients!were!randomised!on!admission!to!intensive!care!and!received!goal!directed!
therapy!for!eight!hours!after!admission.!Primary!outcome!measures!were!cutaneous!
and!sublingual!microvascular!flow!and!tissue!oxygenation,!measured!using!a!variety!
of! methods.! Tissue! oxygenation! and! microvascular! flow! increased! in! both! GDT!
groups,! with! the! greatest! increase! in! the! SV+dopexamine! group.! There! were! no!
differences! in! length!of!stay!or! incidence!of!complications!between! the!groups,!but!
the! study! was! not! powered! to! these! outcomes.! However,! postJhoc! analysis!
demonstrated!that!renal!impairment!was!significantly!reduced!in!the!combined!GDT!
groups.! There! were! no! statistically! significant! differences! in!mortality! between! the!
groups.!
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Mayer! et! al! (2010)! randomised! 60! highJrisk! patients! undergoing!major! abdominal!
surgery! (upper! and! lower! GI! resections,! liver! resections! and! pancreatectomy).!
Patients!were!randomised!to!receive!either! intraoperative!fluid!targeted!to!standard!
goals! (control! group,! targets:! BP,! urine! output,! CVP)! or! to! cardiac! index,! stroke!
volume! index! and! stroke! volume! variation! measured! using! the! FLoTrac/Vigeleo!
device!(GDFT!group).!They!observed!a!significant!reduction!in!hospital!length!of!stay!
and!incidence!of!postJoperative!complications!in!patients!who!received!GDFT.!Total!
fluid! volumes! were! similar! between! the! groups,! however! GDFT! group! patients!
received!more!colloid!and!less!crystalloid.!The!authors!postulated!this!“may!be!most!
likely!a! result! of!an!earlier!detection!of! fluid!demand!with!enhanced!hemodynamic!
monitoring”.! This! does! not! necessarily! explain! the! difference! in! fluid! type!
administered,!which!they!acknowledge!could!be!due!to!protocol!differences!between!
the! groups.! It! may! however! be! evidence! of! the! importance! of! timing! fluid!
administration!to!successfully!improve!outcomes.!!
WenKui!et!al!(2010)!targeted!fluid!arterial!lactate!concentration!as!a!measure!of!poor!
tissue!perfusion.!They! randomised!214!patients!undergoing!gastrointestinal! cancer!
resections! to! receive! fluid! therapy! guided! by! standard! measures! (HR,! BP,! CVP,!
urine! output)! or! targeted! to! achieve! an! arterial! lactate! of! <1.7!mmol/l.! All! patients!
received!the!same!baseline!restricted!fluid!regimen!during!the!procedure!and!postJ
operatively!(7!ml/kg!in!the!first!hour,!5!ml/kg/hour!thereafter,!restricted!to!a!maximum!
of!25!ml/kg).!Hetastarch!fluid!boluses!(up!to!1500!ml,!then!switched!to!5%!albumin)!
were! administered! according! to! each! protocol`! similar! fluid! volumes! were!
administered.!PostJoperatively,!25J28%!of!patients!required!additional!fluid!onJtop!of!
the! restricted! regimen,! indicating! that! restricting! fluids! can! lead! to! hypoJperfusion.!
Those! patients! whose! fluid! was! guided! by! arterial! lactate! concentration! received!
additional!fluid!in!the!first!12!hours!postJoperatively!with!a!rapid!response!in!lactate!
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reduction.!In!most!control!group!patients,!more!additional!fluid!was!given!later!in!the!
postJoperative! course! (12J48! hours)! suggesting! a! delayed! identification! of! hypoJ
perfusion!using!standard!physiological!markers.!There!was!no!significant!difference!
in!mortality! (1%!vs! 4%)! and! the! incidence!of! complications!was! similar! in! the! two!
groups.! However,! for! those! patients! requiring! additional! fluid! above! the! restricted!
regimen!complications!were!significantly!less!in!the!lactateJguided!group.!!
Challand!et!al!(2012)!published!a!study!of!ODMJguided!fluid!management!in!elective!
colorectal! patients.! They! randomised! 179! patients! to! receive! standard! care! or!
additional!intraJoperative!colloid!boluses!targeted!at!stroke!volume!maximisation!(SV!
increase!of!>10%).!Physical! fitness!was! tested! in!all!patients!preJoperatively!using!
cardiopulmonary! exercise! testing! to!measure! breathJbyJbreath! gas! analysis! during!
increasing! exercise! load! to! identify! the! anaerobic! threshold! (AT,! among! other!
parameters).! ! Older! et! al! (1993),! and! subsequently! others,! have! demonstrated! a!
correlation!between!preJoperative!anaerobic! threshold!and!postJoperative!outcome.!
The!AT! is! the!oxygen!consumption!at!which!anaerobic!metabolism!ensues,!and! is!
identifiable!by!a!change!in!the!relationship!between!oxygen!consumption!(VO2)!and!
carbon!dioxide!expiration!(VCO2).!The!highest! risk!of!mortality!was! in!patients!with!
an!AT!of!<8ml/kg/min,!intermediate!risk!with!an!AT!of!8J11/kg/min!and!lowest!risk!in!
patients!with!an!AT!of!>11ml/kg/min!(Older!et!al,!1993).!In!the!Challand!et!al!(2012)!
study!the!highestJrisk!patients!with!an!AT!of!<8ml/min/kg!were!excluded.!Patients!at!
intermediate!risk!(“unfit!group”)!and!low!risk!(“fit!group”)!were!randomised!to!receive!
either!standard!intraoperative!fluid!management!or!additional!fluid!guided!by!stroke!
volume! maximisation! using! ODM.! The! GDT! protocol! recommended! by! the!
manufacturer!aims!solely!to!assess!and!optimise!fluid!status!by!aiming!for!a!stroke!
volume!increase!of!>10%!after!fluid!bolus!administration.!No!other!measurements!of!
fluid!status!were!used,!nor!were! inotropes.!Overall!179!patients!were!analysed,!56!
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‘unfit’! (29! control,! 27! GDT)! and! 123! ‘fit’! (61! control,! 60! GDT).! The! study! was!
powered! to! detect! a! difference! in! time! to! readyJforJdischarge! (RfD)! in! fit! patients!
only.! All! patients! received! standard! intraoperative! management! including! fluid!
therapy!by!a!blinded!consultant!anaesthetist.!GDT!patients!received!colloid!(Voluven!
starch! solution)! according! to! the! protocol.! ! Postoperative!management!was! at! the!
discretion!of!the!anaesthetist,!surgical!and!intensive!care!teams,!not!all!patients!were!
admitted! to! the! intensive! care! after! their! operation.! All! patients! were! managed!
according! to! an! existing! enhanced! recovery! after! surgery! (ERAS)! programme.!
Patients! in! the! GDT! group! underwent! more! open! procedures,! fewer! laparoscopic!
resections,!more! rectal! resections,! received!more! preJoperative! fluid! (despite! less!
bowel! prep! use),! had! higher! average! blood! loss! and! received!more! transfusions.!
Overall!there!was!no!difference!in!time!to!RfD,!length!of!hospital!stay!or!incidence!of!
complications.! In! the! “fit”! group! the! time! to!RfD! and! length! of! stay!was! greater! in!
those! receiving! GDT! by! 2! days,! however! complication! rates! were! similar.! In! the!
“unfit”! group! there! was! no! difference! in! length! of! stay! or! RfD! between! GDT! and!
control!groups.!There!were!no!differences!in!mortality.!GDT!patients!received!similar!
volumes! of! fluid,! which! is! surprising! given! the! differences! in! protocols! and! the!
blinding!of! the!anaesthetist.! Indeed,!cardiac!output!measures! increased!throughout!
the!procedure! in!both!control!and!GDT!groups,! though!more!so! in! the!GDT!group.!
This! is! in! contrast! to! previous! studies! where! control! group! parameters! were!
observed!to!deteriorate!during!procedure.!The!results!of!this!study!were!in!contrast!
to!others!and!it!was!concluded!that!in!fit!patients!GDFT!led!to!an!increased!length!of!
hospital! stay.! Complications! were! not! increased,! and! it! is! unclear! why! fit! GDT!
patients!stayed!longer!in!hospital.!It!is!important!to!note!that!this!trial!was!performed!
within!an!established!ERAS!programme!and,!as!such,!blinded!clinicians!would!have!
experience! of! enhanced! recovery! and! potentially! experience! of! fluid! optimisation!
techniques.!This!may!explain!the!fact!that!control!patients!received!similar!volumes!
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of!fluid!as!GDT!patients.!Indeed,!the!authors!postulate!that!the!baseline!standard!of!
care! in! their! institution!may!well!be!higher! than!that! in!other!studies,!and!thus!may!
mask!any!benefit!of!GDT.!
The! National! Institute! of! Health! and! Clinical! Excellence! (NICE)! has! published! a!
specific! recommendation! for! the!use!of!ODM!in! the!periJoperative!care!of!highJrisk!
surgical!patients!(NICE,!2011).!It!includes!evidence!from!a!number!of!trials!described!
above,! together!with! several! specific!metaJanalyses! and! independent! reports! from!
national!bodies.!The!report!concluded! that! the!use!of!ODM!reduces!complications,!
use!of!CVC!and!hospital! stay! (with!no! increase! in! rates!of! reJadmission!or! repeat!
surgery).!The!report!estimated!a!cost!saving!of!£1100!per!patient!based!on!a!7.5Jday!
hospital! stay.! It! recommended! that,! "The! CardioQJODM! should! be! considered! for!
use! in! patients! undergoing!major! or! highJrisk! surgery! or! other! surgical! patients! in!
whom!a!clinician!would!consider!using!invasive!cardiovascular!monitoring"!!
In! patients! undergoing! emergency! operations! for! fractured! neck! of! femur! GDT!
reduces! length! of! hospital! stay! (Sinclair! et! al,! 1997)! and! time! to! fitJforJdischarge!
(Venn!et!al,!2002).!In!elective!total!hip!replacement!Cecconi!et!al!(2011)!showed!a!
reduction! in! length! of! stay! and! complications! with! SV! optimisation! using! the! nonJ
invasive! Flowtrac/Vigeleo! system.! ! One! study! has! demonstrated! improvement! in!
postJoperative!liver!failure!and!jaundice!after!hepatic!resection!for!cirrhosis!(Ueno!et!
al,! 1998).! There! is! evidence! that! GDFT! reduces! mortality! and! complications! in!
peripheral!vascular!surgery!(Berlauk!et!al,!1991).!There!have!been!negative!studies!
of! GDFT! in! vascular! surgery,! however! these! may! be! related! to! complications! of!
using!a!PAC!rather!than!a!lack!of!efficacy!of!GDFT!(Bender!et!al,!1997`!Valentine!et!
al,!1998`!Bonazzi!et!al,!2002`!Van!der!Linden!et!al,!2010).!
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To!date!there!is!only!one!published!randomised!control!trial!of!GDFT!specifically!in!
emergency!abdominal!surgery!(Harten!et!al,!2008).!Patients!over!the!age!of!50!years!
were! randomly! allocated! to! receive! either! standard! care! or! GDFT,! only! patients!
presenting! between!8am!and!8pm!were! included.! Fluid! therapy!was! targeted! to! a!
pulse! pressure! variation! of! <10%! using! the! LiDCOplus! pulse! contour! analysis!
monitor.!Fluid!boluses!were!of!intravenous!6%!hydroxyethyl!starch!and!administered!
by!the!researchers,!in!addition!to!fluid!administered!by!the!anaesthetists!in!charge!of!
the! case! who! were! blinded! to! cardiac! output! measurements! and! bolus! volumes.!
GDFT!was!performed!during!surgery!only,!and!not!continued!into!the!postJoperative!
period.!Over!the!18Jmonth!study!period,!153!laparotomies!were!performed,!of!which!
123!met! inclusion! criteria.!Of! these,! 64!were! out! of! hours! and! 30!were! unable! to!
consent! (presumably! due! to! urgency! and/or! physiological! derangement)! and! one!
patient! died! prior! to! surgery.! TwentyJnine! patients! were! randomised! (control! 15,!
intervention!14).!There!were!no!differences!in!mortality!or!renal!function!between!the!
groups.! This! study! was! small! sample! sizes! may! not! have! been! large! enough! to!
detect! any! real! differences! and!methodological! issues!may! have! contributed! to! a!
tendency! to! administer! excessive! fluid! in! the! intervention! group.! Starches! are!
associated!with!increased!risk!of!renal!dysfunction,!particularly!in!sepsis.!The!chosen!
starch! fluid! contains! sodium! chloride! solution! as! the! main! constituent! and! can!
therefore!lead!to!hyperchloraemia!and!acidosis!when!given!in!excess!and!may!have!
confounded! any! potential! effect! of! the! intervention.! GDFT! was! only! administered!
during! surgery! and! not! into! the! postJoperative! period,! as! in! other! studies!
(Shoemaker! et! al,! 1988`! Pearse! et! al,! 2005),! potentially! limiting! effects! of! the!
intervention.!The!authors!noted!that!historical!mortality!rates!were!26%,!yet!only!10%!
in! the! 29! randomised! patients.! Overall,! mortality! for! all! emergency! laparotomies!
carried!out!during!the!study!period!was!21%.!GDFT!is!most!effective!in!the!highest!
risk! patients! (Cecconi! et! al,! 2013)! and! it! is! likely! that! excluding! those! unable! to!
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consent!and! those!presenting! for! surgery!out! of! dayJtime!hours!excluded!many!of!
the!highest!risk!cases,!potentially!reducing!the!potential!impact!of!the!intervention.!!
Several!systematic!reviews!and!metaJanalyses!have!analysed!a!variety!of!aspects!of!
periJoperative!GDT.!Giglio! et! al,! (2009)! performed!a!metaJanalysis! of! its! effect! on!
gastrointestinal!complications.!A!variety!of!methods!and!goals!of!GDFT!optimisations!
were!used!in!the!included!studies!(PAC,!LIDCO,!PPV,!CVP,!DO2).!It!concluded!that!
GDFT! has! the! ability! to! reduce! major! and! minor! gastroJintestinal! complications!
(reported!in!six!trials)!but!not!hepatic!complications!(reported!in!five!trials).!Hamilton!
et! al! (2011)! conducted! a! similar! analysis! of! 29! clinical! trials! of! GDT,! again! using!
multiple!devices!and!goals! in! the! included! trials.!Despite! this! heterogeneity,!metaJ
analysis!demonstrated!a!reduction!in!mortality!(29!trials)!and!morbidity!(23!trials)!with!
the!use!of!GDT.! !The!authors!concluded!that! the!“use!of!a!preJemptive!strategy!of!
hemodynamic! monitoring! and! coupled! therapy! reduces! surgical! mortality! and!
morbidity”.!
In! a! systematic! review! and! metaJanalysis! published! by! Cecconi! et! al! (2013),! 32!
randomised! controlled! trials! were! identified! pertaining! to! optimisation! of! fluid!
management! and/or! oxygen! delivery! published! between! 1988! and! 2011.! Studies!
using! GDFT! to! target! periJoperative! oxygen! delivery! were! included.! There! was!
significant!heterogeneity!in!the!type!of!surgery!included!and!the!techniques!used!to!
target! oxygen! delivery.! Studies! were! riskJstratified! according! to! the! observed!
mortality! in! the! control! groups`! intermediate! risk! (control! mortality! <5%),! high! risk!
(control!mortality!5J20%)!and!very!high!risk!(control!group!mortality!>20%).!Mortality!
was! reported! in! all! 32! included! trails,! morbidity! was! reported! in! 27! trails.! MetaJ
analysis!of!mortality!outcomes!demonstrated!an!overall!survival!benefit!for!the!use!of!
goal!directed! fluid! therapy.!However,!analysis!of!each! risk!group! revealed! that! the!
survival!benefit!was!only!significant!in!the!highest!risk!patient!group!(control!mortality!
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>20%),! with! only! a! trend! towards! improved! survival! in! studies! of! high! risk! patient!
group!(control!mortality!5J20%).!Although!there!was!no!significant!survival!benefit!in!
intermediate! risk! groups! (<5%!mortality),! no! studies! reported! a! negative! effect! on!
mortality! with! the! use! of! goal! directed! fluid! therapy.! Overall,! the! incidence! of!
complications!was! reduced!with! the! use! of! goal! directed! fluid! therapy! techniques.!
This! effect! was! greatest! in! the! highest! risk! group,! and! morbidity! reduction! was!
demonstrated! in!all! risk!groups.!There!were! identified!differences! in! the!techniques!
and!goals!used!to!direct!fluid!therapy.!Morbidity!was!significantly!reduced!in!studies!
which!used!oxygen!delivery!(DO2i),!cardiac!index,!stroke!volume!and!corrected!flow!
time!(FTc).!Studies!which!used!other!parameters!only!demonstrated!a!trend!towards!
reducing!complications.!There!was!a!reduction!in!control!group!mortality!over!the!24!
years! reviewed,! demonstrating! improvements! in! periJoperative! care.! However,!
morbidity! rates! remained! constant! in! control! groups.! This! systematic! review! and!
metaJanalysis! demonstrated! that,! despite! significant! heterogeneity! of! included!
studies,!GDFT! has! the! potential! to! reduce! complications! in! intermediate! and! high!
risk!surgical!patients!and!to!reduce!mortality!in!very!high!risk!surgical!patients.!
In!2013!a!Cochrane!review!metaJanalysis!was!published!by!Grocott!et!al!(2013).!In!
this!detailed!systematic!review!and!metaJanalysis!31!clinical!trials!(5292!participants)!
of!GDFT!and!outcomes!after!surgery!were! identified!between!1988!and!2011.!The!
primary!outcome!measure!was!mortality!at! longest! followJup,! secondary!outcomes!
were! length! of! stay! and! incidence! of! complications.! The! majority! of! trials! were!
considered! inadequate! in! terms! of! randomisation,! concealment! of! randomisation,!
and!issues!with!selection!bias!and!losses!to!followJup!and!the!studies!have!all!been!
discussed!individually! in!this!Introduction.!They!are!heterogeneous!in!terms!of! type!
of!surgery! (cardiac,!vascular,!general,!orthopaedics),!urgency! (elective,!emergency!
or! mix),! timing! of! intervention! (preJoperative,! intraJoperative,! postJoperative),!
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intervention! goals! (oxygen! delivery,! cardiac! output,! stroke! volume,! central! venous!
oxygen!saturation!(ScvO2),!oxygen!extraction!ratio,!lactate)!and!types!of!intervention!
(fluids! alone! or! fluids! and! inotropes/vasopressors).! In! addition,! there! was!
considerable! variability! in! the! management! of! the! control! arms.! There! was! no!
significant!difference!in!the!incidence!of!mortality!between!GDFT!and!control!groups.!
The! incidence! of! the! number! of! patients! suffering! complications,! the! incidence! of!
wound! infections,! renal! impairment! and! respiratory! failure! were! reduced! in! GDFT!
groups.!For!every!100!patients!treated!using!periJoperative!GDFT!this!metaJanalysis!
estimated!that!13!patients!would!avoid!complications.!Overall!the!length!of!stay!was!
significantly! reduced! by! 1.16! days! in! patients! treated! using! GDFT.! Sensitivity!
analyses!revealed!no!effect!of!type!of!surgery,!timing!of! intervention!or!intervention!
goal!on!mortality.!The!majority!of!studies!included!only!elective!patients!(21!studies),!
some! included!a!mix!of!elective!and!emergency!patients! (5!studies),!and!only! two!
studies!included!emergency!only!cases!which!were!both!orthopaedic!(hip!fracture).!A!
number!of!studies!were!noted!to!have!differences!between!control!and!GDFT!groups!
that! were!more! than! just! fluid/inotrope! administration.!When! these! were! excluded!
from! analysis,!mortality!was! significantly! reduced.! This!metaJanalysis! included! the!
large! study! from!Sandham!et! al! (2003)! and! the!Cochrane! review!commented! that!
this!study!contributed!a!significant!proportion!of!the!cases!included!in!their!analysis,!
and!that!there!was!a!large!proportion!of!cases!were!lost!to!followJup.!A!subJanalysis!
was! performed! to! assess! the! difference! in! outcomes! without! including! this! trial,!
however!results!were!similar!in!terms!of!mortality,!length!of!stay!and!complications.!
The!Cochrane!review!by!Grocott!et!al!(2013)!concluded!that!the!use!of!periJoperative!
GDFT!was!associated!with!a!shorter!length!of!hospital!stay!(~1!day!on!average)!and!
a! reduced! rate! of! complications.! The! study! estimated! that! for! every! 100! patients!
treated! using! GDFT! 13! patients! would! avoid! a! postJoperative! complication.! They!
found! no! evidence! to! support! the! hypothesis! that! GDFT! reduces! mortality,! nor!
! 130 
causes!harm.!The!authors!also!advocated!further!investigation!into!the!use!of!GDFT!
in!emergency!surgery.!
1.9.5.1(Goal(Directed(Fluid(Therapy(in(Emergency(General(Surgery(+(Summary((
There! is! a! lack! of! specific! evidence! for! the! use! of! GDFT! in! emergency! general!
surgery.!However,! there! is! a! convincing! body! of! evidence! for! the! use! of!GDFT! in!
highJrisk! surgery.! Emergency! major! general! surgery! (“emergency! laparotomy”)!
epitomises! the! highest! (nonJvascular)! surgical! risk,! often! in! very! highJrisk! patients!
(e.g.! frailty,! comorbidities,! concurrent! sepsis).! Therefore,! it! is! logical! to! apply!
evidence!for!the!use!of!GDFT!in!elective!highJrisk!surgery!to!equivalent!emergency!
procedures!of!higher!risk.!Surgical! insult!will!be!consistent!whether!procedures!are!
planned!or!emergent!and!underlying!preJmorbid!risk!will!likely!be!greater!in!emergent!
cases!(in!view!of!the!fact!that!patients!are!often!compromised!by!the!acute!condition!
and! that! significant! comorbidities! are! rarely! modifiable! in! the! emergency! setting).!
There! is! evidence! of! reduction! in! lengthJofJstay! (LOS)! and! complications! in! other!
urgent! surgeries! where! GDFT! is! utilised! (e.g.! hip! fracture).! Most! periJoperative!
GDFT! studies! are! small! singleJcentre! trials! that! vary! in! patient! population,! goals!
used! to! optimise! oxygen! delivery,! methods! of! measuring! cardiac! parameters,!
optimisation! strategies! and! management! of! the! control! arm.! Some! studies!
demonstrate!benefit!of!optimising!fluids!alone,!while!others!show!additional!benefit!of!
using!inotropes!to!increase!periJoperative!oxygen!delivery.!There!does!not!appear!to!
be!a!consensus!on!the!optimal!method!of!increasing!periJoperative!oxygen!delivery.!
However,!the!majority!of!studies!demonstrate!a!benefit!in!terms!of!either!morbidity!or!
mortality! or! both.!There!are! several! published!studies! that! failed! to!demonstrate!a!
benefit! of! periJoperative! goal! directed! fluid! therapy.! Heterogeneity! of! study! and!
controlJarm! protocols!make! these! hard! to! interpret! alongside! a! greater! number! of!
positive! studies.! Few! studies! demonstrate! a! significant! detrimental! effect! of! goal!
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directed!fluid!therapy!on!outcomes.!Several!metaJanalyses!demonstrate!that,!despite!
the!negative!studies,!GDFT!is!effective!in!reducing!LOS!and!complications,!and!that!
the!greatest!effect!of!GDFT! is! in!highJrisk!patient! (for!mortality,! length!of! stay!and!
complications).!The!utility!of!lactate!as!a!marker!of!hypoJperfusion!and!as!a!goal!for!
resuscitation! is! well! recognised.! However,! there! are! conditions,! other! than! hypoJ
perfusion,! that! can! result! in! increased! lactate! concentration! (e.g.! hypoxia,!
endogenous! catecholamines,! exogenous! vasopressors! and! some! drugs).! These!
should! be! considered! and! accounted! for! when! using! lactate! as! a! goal! for! periJ
operative!fluid!administration.!Protocolised!GDFT!represents!a!method!for!targeting!
an! appropriate! volume!of! fluid! at! an! optimal! time.!Early! goal! directed! therapy! has!
been!demonstrated!to!improve!outcomes!in!sepsis!(Rivers!et!al,!2001`!Tuschmidt!et!
al,!1992),!however!the!use!of!cardiac!output!derived!goals!remains!debated!(Rhodes!
&!Bennett,! 2004).! The! leading! cause!of! death! after! emergency! general! surgery! is!
sepsis! and! these! patients! are! at! high! risk! of! developing! sepsis! as! either! a!
consequence! of! their! presenting! disease! process! or! as! a! consequence! of! their!
surgical! treatment.! There! is! evidence! supporting! the! use! of! GDFT! as! a! part! of!
enhanced! recovery! after! surgery! (ERAS)! programmes! in! various! elective! general!
abdominal!surgeries!(Levy!et!al,!2011`!Levy!et!al,!2012`!Jones!et!al,!2013).!Although!
these! trials! do! not! specifically! test! the! influence! of! GDFT! on! outcomes,! they! do!
suggest! that! GDFT! plays! an! important! role! in! optimising! fluid! management! that!
contributes! to! improved! postJoperative! outcomes.! National! guidelines! exist!
promoting!the!use!of!GDFT!in!high!risk!nonJcardiac!surgery!(Anderson!et!al,!2011`!
NICE,!2011).!!
Despite! the! lack! of! specific! evidence! supporting! the! use! of! GDFT! in! emergency!
general!surgery,!the!cumulative!evidence!for!its!use!in!highJrisk!surgery,!sepsis!and!
as!a!part!of!enhanced!recovery!programmes!demonstrates!that!there!is!a!consistent!
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positive! effect! of! using! GDFT! techniques! periJoperatively! on! postJoperative!
outcomes! in! highJrisk! patients! presenting! for! high! risk! surgery.!PeriJoperative! fluid!
management!strategies!should!aim! to!avoid! tissue!hypoJperfusion,!development!of!
oxygen! debt,! activation! of! systemic! inflammatory! response! and! resultant! organ!
dysfunction.! Conversely! strategies! should! simultaneously! avoid! fluid! overload! and!
resultant!cardiorespiratory!compromise.!Using!cardiac!output!monitoring!in!the!periJ
operative!period!is!a!viable!method!of!achieving!these!goals,!although!there!is!a!lack!
of! consistent! evidence! for! one! particular! regime! or! measurement! method! over!
another.! Oesophageal! Doppler! monitoring! is! recommended! by! national! advisory!
bodies!and! is! supported!by!a!body!of!evidence,!however! its!use!has!a!number!of!
limitations`! it! cannot! be! used! in! certain! surgical! procedures! (e.g.! oesophageal!
surgery)!and!the!probe!is!not!well! tolerated!in!awake!patients! limiting!its!use!in!the!
postJoperative!period.!Arterial!waveform!analysis!has! the!advantage!of! flexibility! in!
use!with!both!awake!and!asleep!patients.!!
In!conclusion,(Patients!presenting!for!emergency!major!general!surgery!are!at!very!
highJrisk! of! postJoperative!morbidity! and!mortality.! The! evidence! presented! above!
supports! the!use!of!goal!directed! fluid! therapy! to! improve!outcomes!after!highJrisk!
surgery.! Indeed,! the! greatest! benefit! is! observed! in! the! highestJrisk! patients.!
Emergency!major!general! surgical!patients! represent! the!epitome!of!highJrisk!and,!
therefore,!may!be!likely!to!benefit!from!periJoperative!goal!directed!fluid!therapy.!
1.9.6( Post+Operative(Destination((
It! is! clear! from! the!NCEPOD! studies! and! publications! of! processes! of! care,! postJ
operative! destination! is! often! inadequate! for! highJrisk! general! surgical! and!
emergency!laparotomy!patients!(Jhanji!et!al,!2008`!Goldhill!&!Down,!2008`!Findlay!et!
al,!2011).!A!study!of!the!highJrisk!surgical!population!showed!that!patients!who!have!
 133 
unplanned!admissions!to!ICU!after!initial!postJoperative!treatment!on!a!general!ward!
have!significantly!higher!mortality!(Pearse!et!al,!2006).!The!same!group!studied!over!
26,000!surgical!cases!in!a!large!tertiary!NHS!hospital!(Jhanji!et!al,!2008).!It!identified!
a!group!of!2,414!(9.3%)!highJrisk!patients!with!high!mortality!(12.2%)!and!prolonged!
hospital!length!of!stay.!Only!35%!of!high!risk!patients!were!admitted!to!intensive!care!
at!any!point! in! their!hospital! stay.!Furthermore,!of! those!who!died,!only!49%!were!
admitted! to! intensive! care! at! any! point.!Mortality! was! high! in! those!who!were! reJ
admitted!to!intensive!care!(37.7%)!and!those!who!were!initially!managed!on!a!ward!
postJoperatively!and!then!transferred!to!intensive!care!(29.9%).!While!these!findings!
are!for!a!tertiary!specialist!hospital,! they!echo!the!UKJwide!findings!of!Pearse!et!al!
(2006).! Therefore,! they! are! likely! to! represent! a! widespread! underJutilisation! of!
intensive! care! after! emergency! general! surgery! in! the! UK! and! associated! poor!
outcomes.!PostJoperative!intensive!care!management!for!high!risk!surgical!cases!is!
logical,! and! observational! evidence! supports! increasing! use! if! ICU! after! highJrisk!
surgery.!However,!there!is!limited!evidence!supporting!the!efficacy!of!intensive!care!
in!this!group.!
Levels!of!care!are!identified!as!level!zero!–!general!ward,!level!one!–!enhanced!ward!
care,!level!two!–!high!dependency!care!(patients!requiring!single!organ!support)!and!
level! three! –! intensive! care! (patients! requiring!multiJorgan! support)! (The! Intensive!
Care!Society,! 2009).! Level! zero!wardJbased! care! can! be! inadequate! in! the! timely!
identification!of!critically!unwell!patients!(McQuillan!et!al,!1998).!Patients!on!general!
wards!have!fewer!care!needs!than!those!in!higher!care!environments!and!therefore!
nurseJtoJpatient! ratios! are! understandably! lower! in! general! ward! areas.! There! is!
therefore!a!potential!resultant!delay!in!recognition,!escalation!and!treatment!of!ward!
patients!who!have!deteriorated.!Indeed,! low!nursing!staff!ratios!are!associated!with!
higher!mortality!(Needleman!et!al,!2011).!It!is!therefore!pragmatic!that!patients!who!
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are!at!risk!of!significant!morbidity,!for!example!in!the!immediate!period!after!highJrisk!
emergency! general! surgery,! be! cared! for! in! an! environment! that! is! capable! of!
promptly! recognising!and! intervening! if! complications!do!occur! (i.e.! in!an! intensive!
care!environment!capable!of!delivering!level!two!and!three!care).!
PostJoperative!complications!are!associated!with!worse!long!term!mortality!(Khuri!et!
al,!2005).!Some!interventions!delivered!in!intensive!care!have!the!potential!to!reduce!
complication! rates,! for!example!postJoperative!goalJdirected! fluid! therapy!and!nonJ
invasive!ventilation!(Pearse!et!al,!2005a`!Squadrone!et!al,!2005).! In!a!caseJcontrol!
study,!management!in!intensive!care!after!elective!open!colorectal!surgery!in!less!fit!
patients!has!been!associated!with! fewer!postJoperative!cardiac!complications! than!
similar! patients! managed! on! a! general! ward! (Swart! &! Carlisle,! 2012).! In! an!
observational! study! of! elective! and! emergency! major! abdominal! surgery,!
intermediate,! highJdependency! care! has! also! been! associated! with! reduced! postJ
operative! complications! (Jones! et! al,! 1999).! However,! numerous! observational!
studies! have! failed! to! demonstrate! a! benefit! of! introducing! specific! surgical! highJ
dependency!unit!care!(Davies!et!al,!1999`!Bellomo!et!al,!2005`!Schatz!&!Ensenauer,!
2010`! McIlroy! et! al,! 2006).! In! a! single! centre,! observational! study! of! 1395!
consecutive! surgical! procedures! Turner! and! colleagues! compared! patients! who!
received! desired! postJoperative! destination! with! those! who! received! subJoptimal!
destination! (i.e.! those!who!were! deemed! to! require! high! dependency! or! intensive!
care!but!were!transferred!to!a!ward!due!to!lack!of!availability).!Mortality!was!higher!
(3.1%!versus!1.1%)!in!those!who!received!suboptimal!care!(Turner!et!al,!1999)!and!it!
was!concluded!that!lack!of!access!to!appropriate!higher!levels!of!care!in!those!who!
need! it! leads! to! worse! outcomes.! There! is! little! published! evidence! directly!
correlating!increased!intensive!care!utilisation!with!improved!outcomes!in!emergency!
general! surgery.! In! a! recent!multicentre! Scottish! study! of! patients! presenting!with!
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complications! relating! to! peptic! ulcer! disease,! those! who! required! surgical!
intervention!for!perforation!or!uncontrolled!bleeding!had!a!reducing!risk!of!mortality!
over! the! 12Jyear! study! period.! Over! the! same! period,! the! proportion! of! patients!
receiving! highJdependency! or! intensive! care! increased,! as! did! consultant!
involvement!and!proportion!of!patients!operated!on!within!two!hours!of!presentation!
(Aga! et! al,! 2012).! The! evidence! suggests! that! caring! for! high! risk! emergency!
laparotomy!patients!in!an!area!capable!of!providing!level!two!and!three!care!has!the!
potential!to!reduce!morbidity!and!mortality.!
The!HRGSP!guidelines!published!by!RCSE/DoH!(Anderson!et!al,!2011)!state!that!as!
a!minimum,!patients!with!a!predicted!mortality!of!>10%!should!receive!intensive!care!
postoperatively.! These! guidelines! refer! to! all! highJrisk! surgery! and! not! specifically!
emergency!laparotomy.!They!suggest!the!use!of!PJPOSSUM!to!predict!mortality!preJ
operatively!by!estimating!the!expected!operative!findings,!then!reJscore!at!the!end!of!
the!operation.!NCEPOD!reports!have!concluded!that! risk!prediction! is!not! routinely!
performed!and!that!traditional!bedside!methods!are!poorly!discriminatory.!There!is!a!
large!body!of! observational! evidence!demonstrating! that! emergency! laparotomy! is!
among!the!highest!risk!surgery!performed,!second!only!to!emergency!aortic!vascular!
surgery!(Pearse!et!al,!2006).!Indeed,!patients!over!60!years!old,!or!ASA!3!or!more!
have!a!>10%!risk!of!mortality!after!emergency!laparotomy!(Saunders!et!al.!2012).!By!
definition!patients!presenting!for!emergency!laparotomy!are!at!high!risk!of!morbidity!
and!mortality.! If! patients! with! a! similar! predicted! risk! were! presenting! for! elective!
surgery! it!would! be! unlikely! that! they!would! even!be! offered! surgery.! If! they!were!
they!would!almost!certainly!be!given!optimal! treatment!to!ensure!the!best!outcome!
(for!example!consultant!decision!making!and!treatment,!postoperative!intensive!care,!
advanced! haemodynamic! monitoring,! Enhanced! Recovery! After! Surgery! (ERAS)!
protocolised!care).!It!is!therefore!the!authors!opinion!(and!that!of!the!clinical!leads!for!
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the! ELPQuiC! project)! that! as! an! aspiration,! all! patients! undergoing! emergency!
laparotomy!should!go! to!an! intensive!care! facility!after! their!surgery,!not! just! those!
with!the!very!highest!risk.!
1.9.6.1(Post+operative(destination(+(Summary(
Currently! in! the! UK! a! surprisingly! low! proportion! of! highJrisk! emergency! surgical!
patients,! on! average,! are! transferred! directly! to! the! intensive! care! after! surgery!
(Pearse!et!al,!2006`!Jhanji!et!al,!2008`!Saunders!et!al,!2012).!This!may!be!due!to!a!
lack! of! appreciation! of! risk,! a! perceived! absence! of! requirement! or! benefit! for!
intensive! care,! or! a! lack! of! resources.! Each! of! these! are! areas! have! potential! for!
significant! improvement! in! the! use! of! intensive! care! after! emergency! laparotomy.!
Resource!limitations!are!likely!to!prove!the!most!challenging!to!address.!
!
1.10( Risk(prediction((
The!American!Society!of!Anesthesiologists!(ASA)!physical!status!score!is!a!5Jpoint!
nonJlinear! scale! that! categorises! patients’! functional! abilities! in! relation! to! their!
comorbidities.! The! five! categories! are! shown! in! table! 1.6.! ASA! is! associated!with!
mortality! in! emergency! laparotomy! surgery! (Cook! &! Day,! 1998).! However,! ASA!
status!does!not!account!for!operative!factors!and!has!poor!specificity!and!high!interJ
rater!variability!(Owens!et!al,!1978`!Haynes!&!Lawler,!1995).!!
!
!
!
!
!
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Table(1.6!the!American!Society!of!Anesthesiologists!(ASA)!Physical!Status!!
ASA(status( Definition(
ASA!1! A!normal!healthy!patient!
ASA!2! A!patient!with!mild!systemic!disease!
ASA!3! A!patient!with!severe!systemic!disease!
ASA!4!
A!patient!with!severe!systemic!disease!that!is!a!
constant!threat!to!life!
ASA!5!
A!moribund!patient!who!is!not!expected!to!survive!
without!the!operation!
!
There! are! numerous! examples! of! risk! prediction! tools! in! relation! to! emergency!
general! surgery,! for! specific! pathologies! and! elderly! patients! (Knaus! et! al,! 1985`!
Playforth!et!al,!1987`!Copeland!et!al,!1991`!Prytherch!&!Whiteley,!1998`!Rix!&!Bates,!
2007`! Abbas! et! al,! 2010`! AlJTemimi! et! al,! 2012).! Most! were! developed! from!
observational! data,! often! from! a! single! centre! and! in! a! variety! of! international!
healthcare!settings.!This!variation!renders!some!prediction!tools!not!transferrable!to!
the!UK!clinical!setting.!The!choice!of! risk!prediction! tool!must!be! influenced!by! the!
transferability! to!the!NHS!system!and!the!cohort!of!emergency!laparotomy!patients!
to!be!studied.!The!Physiological!and!Operative!Severity!Score!for!the!enUmeration!
of!Morbidity!and!mortality! (POSSUM)!prediction!model!was!originally! published!by!
Copeland!et!al!(1991).!!Prytherch!&!Whiteley!(1998)!adapted!the!POSSUM!formula!
which! they! termed! the!Portsmouth!Physiological! and!Operative!Severity!Score! for!
the!enUmeration!of!Morbidity!and!mortality!(PPOSSUM)!score!and!demonstrated!its!
greater! accuracy! over! POSSUM.! Both! POSSUM! and! PPOSSUM!were! developed!
using!cohorts!of!UK!NHS!surgical!patients.!POSSUM!comprises!of!12!physiological!
and! six! surgical! parameters! with! defined! categorical! responses! with! exponentially!
weighted! scores! (Tables! 1.7! and! 1.8).! The! scores! are! summated! for! the!
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physiological!and!surgical!parameters.!The!resultant!scores!are!then!entered!into!the!
following!formula!for!calculating!predicted!risk!of!mortality!(R):!
ln.R/1JR.=.J9.065.+.(0.1692.x.physiological.score).+.0.1550.x.operative.severity.score)!
PPOSSUM! has! been! validated! in! numerous! surgical! populations,! including!
emergency! general! surgery! (Mohil! et! al,! 2004`! Hobson! et! al,! 2007`! Kumar! &!
Rodrigues,!2009).!Hobson!et!al!(2007)!studied!163!emergency!operations,!of!which!
67%! were! general! surgery.! They! compared! the! predictive! power! of! clinician! preJ
operative!mortality! estimates,!POSSUM!and!PPOSSUM!mortality! risk! calculations.!
Overall! clinician! estimates,! POSSUM! and! PPOSSUM! were! all! accurate! in! their!
predictions! of! the! likelihood! of! mortality.! However,! in! patients! with! a! high! risk! of!
death! (>90%),! PPOSSUM! performed! better! than! clinician! estimations! of! mortality!
which! tended! to! underestimate! mortality.! The! predictive! power! of! POSSUM! and!
PPOSSUM!has!been! studied! in! the!emergency! laparotomy!population.!Mohil! et! al!
(2004)!studied!120!patients!undergoing!emergency!laparotomy.!Unlike!other!studies,!
procedures! included! perforated! appendicectomy! and! traumatic! perforations`! 65%!
had!intraJperitoneal!soiling.!The!study!reported!13.3%!30Jday!mortality!and!51.7%!of!
patients! developed! significant! complications.! POSSUM! and! PPOSSUM!were! both!
predictive!of!outcome,!however!the!population!studied!in!this!cohort!was!in!a!public!
hospital! in! India! and! therefore! may! not! be! representative! of! the! emergency!
laparotomy!population!in!the!UK.!PPOSSUM!is!recommended!by!the!RCSE/DoH,!in!
the! HRSGP! guidelines,! for! preJoperative! risk! prediction! in! high! risk! surgery!
(Anderson!et!al,!2011).!This!has!been!supported!by!a!recent!review!of!risk!prediction!
scoring!systems!which!concluded!that!PPOSSUM!was!most!appropriate!in!highJrisk!
surgery!(Moonesinghe!et!al,!2013).!!
!
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Table(1.7!PJPOSSUM!physiological!parameters!!
Physiological(
Parameters( Categorical(responses( Score(
Age(
<61!years! 1!
61J70!years! 2!
>70!years! 4!
Cardiac(
No!cardiac!failure! 1!
Diuretic,!digoxin,!treatment!for!angina!or!hypertension! 2!
Peripheral!oedema,!warfarin,!borderline!cardiomegaly! 4!
Raised!jugular!venous!pressure,!cardiomegaly! 8!
Respiratory(
No!dyspnea! 1!
Dyspnea!on!exertion,!mild!chronic!obstructive!pulmonary!disease!(COPD)! 2!
Limiting!dyspnea!(1!flight!of!stairs),!moderate!COPD! 4!
Dyspnea!at!rest!(>30!breaths!per!minute),!pulmonary!fibrosis!or!consolidation! 8!
ECG(
Normal! 1!
Atrial!fibrillation!rate!60J90! 4!
Any!other!abnormal!rhythm,!>4/minute!ectopic!beats,!Q!waves,!ST/T!wave!changes! 8!
Systolic(
blood(
pressure(
110J130!mmHg! 1!
100J109!or!131J180!mmHg! 2!
>170!or!90J99!mmHg! 4!
<90!mmHg! 8!
Pulse(rate(
50J80!bpm! 1!
40J49!or!81J100!bpm! 2!
101J120!bpm! 4!
<40!or!>120!bpm! 8!
Haemoglobin(
13J16!g/dl! 1!
11.5J12.9!or!16.1!–!17!g/dl! 2!
10J11.4!or!17.1J18!g/dl! 4!
<10!or!>18!g/dl! 8!
White(cell(
count(
4J10!(x109!cells/l)! 1!
10.1J20!or!3.1J4!(x109!cells/litre)! 2!
>20!or!<3!(x109!cells/litre)! 4!
Urea(
<7.6!mmol/l! 1!
7.6J10!mmol/l! 2!
10.1J15!mmol/l! 4!
>15!mmol/l! 8!
Sodium(
>135!mmol/l! 1!
131J135!mmol/l! 2!
126J130!mmol/l! 4!
<126!mmol/l! 8!
Potassium(
3.5J5!mmol/l! 1!
3.2J3.4!or!5.1J5.3!mmol/l! 2!
2.9J3.1!or!5.4J5.9!mmol/l! 4!
<2.9!or!>5.9!mmol/l! 8!
GCS(
15! 1!
12J14! 2!
9J11! 4!
<9! 8!
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Table(1.8!PJPOSSUM!surgical!parameters!
Surgical(Parameters( Categorical(responses( Score(
Operative(Type(
Minor!operation! 1!
Moderate!operation! 2!
Major!operation! 4!
Complex!major!operation! 8!
Number(of(
procedures(
1! 1!
2! 4!
>2! 8!
Operative(blood(loss(
<100!ml! 1!
101J500!ml! 2!
501J999!ml! 4!
>1000!ml! 8!
Peritoneal(
contamination(
No!soiling! 1!
Minor!soiling! 2!
Local!pus! 4!
Free!bowel!contents,!pus!or!blood! 8!
Malignant(status(
Not!malignant! 1!
Primary!malignancy!only! 2!
Malignancy!with!nodal!metastases! 4!
Malignancy!with!distant!metastases! 8!
Mode(of(surgery(
Elective! 1!
Urgent! 4!
Emergency!(within!2!hours)! 8!
(
(
1.11( The(Emergency(Laparotomy(Pathway(Quality(Improvement(
Care((ELPQuiC)(Bundle((
This!thesis!introduction!has!laid!out!the!evidence!and!literature!that!identifies!the!key!
care! processes! that! are! common! to! all! general! surgical! emergency! laparotomy!
cases.! These! include:! prompt! identification! of! deteriorating! and! unwell! surgical!
patients! (section! 1.9.1),! early! identification! and! treatment! of! patients! with! sepsis!
(section! 1.9.2),! early! diagnosis! and! prompt! surgical! intervention! (section! 1.9.3),!
consultant! clinician! involvement! (section! 1.9.4),! periJoperative! fluid! management!
using! GDFT! protocols! (section! 1.9.5),! and! postJoperative! intensive! care! (section!
1.9.6).! The! literature! and! published! recommendations! detailed! within! this!
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introduction! informed! the! development! of! a! care! bundle! aimed! at! improving! the!
specified! key! aspects! of! care! for! patients! undergoing! emergency! laparotomy!
surgery.! This! care! bundle! was! termed! the! Emergency! Laparotomy! Quality!
Improvement!Care!(ELPQuiC)!Bundle.!!
Several!options!were!considered!when!designing!the!assessment!of!the!intervention.!
The! intention! was! to! improve! compliance! to! process! measures! supported! by!
evidence!and!best!practice!guidelines.!As!outlined! in! this! introduction,!each!of! the!
individual!goals!was!either!supported!by!published!evidence!and/or!considered!best!
practice!by!guiding!national!and! international!organisations.! In!view!of! this!and! the!
goal!of!the!project,!it!was!not!felt!appropriate!to!randomise!patients!to!either!receive!
the! bundle! elements! or! not.! Therefore,! a! quality! improvement! design!was! chosen!
over!a!randomize!control!study!(section!1.7).!The!disadvantage!of! this!approach! is!
that!causality!cannot!be!assumed!between!improvements!in!process!measures!and!
outcomes! (i.e.! an! association).! The! BradfordJHill! criteria! can! be! used! to! assess!
evidence!of!a! causal! relationship!between!a!presumed!cause!and!observed!effect!
(Hill,!1965).!BradfordJHill!proposed!nine!criteria!to!provide!epidemiological!evidence!
of! a! causal! relationship! in! observed! associations.! The! nine! criteria! are`! strength,!
consistency,! specificity,! temporality,! biological! gradient,! plausibility,! coherence,!
experiment! and! analogy.!A! causal! relationship! is!more! likely!with! larger! the! effect!
size! (strength),! associations! are! consistent! in! different! settings! (consistency),! the!
association! is! specific! to! population/disease/intervention. (specificity),! the! effect!
occurs!after! the!cause! (temporality),! the!effect! is! relative! to!exposure! to! the!cause!
(biological.gradient),!there!is!a!plausible!mechanism!of!cause!and!effect!(plausibility),!
there! is! coherence! between! existing! evidence! and! observed! association,! the!
association! holds! true! in! further! studies! (experiment),! and! the! association! is!
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analogous! to! similar! causal! relationships! (analogy).! These! criteria! are! used! to!
discuss!any!association!between!process!changes!and!outcomes.!
To! provide! external! validity,! the! bundle! was! introduced! in! four! NHS! hospitals.! A!
randomised! cluster! design! would! be! a! scientifically! valid! approach! to! assess! the!
aims! of! the! project.! In! this! approach,! groups! of! hospitals! (rather! than! individual!
patients)! are! randomised! to! start! the! bundle.! This! allows! randomised! study! of!
interventions!that!cannot!feasibly!be!randomised!at!an!individual!patients’!level!(e.g.!
a!complex!care!bundle).!It!also!potentially!reduces!crossJcontamination!of!the!control!
group! with! changes! in! behavior/treatment! influenced! by! the! intervention.! The!
disadvantages!of! such!a!study!design! is! that! large!numbers!of!hospitals!would!be!
required! to! obtain! adequate! statistical! power.! Unfortunately,! a! randomised! cluster!
study!was!beyond!the!resources!available!for!the!project,!therefore!a!preJpost!cohort!
design!was!chosen.!The!ELPQuiC!project!was!developed!using!published!guidelines!
for! quality! improvement! research,! namely! the! Standards! for! Quality! Improvement!
Reporting!Excellence!(SQUIRE)!guidelines!(section!1.7.5).!
1.11.1(Hypothesis(
Using! quality! improvement! methodology! will! increase! compliance! to! key! quality!
indicators!of!good!clinical! care! for!patients!undergoing!emergency! laparotomy!and!
reduce!riskJadjusted!30Jday!mortality.!
1.11.2(Null(Hypotheses(
There! is!no!difference! in! riskJadjusted!30Jday!mortality!between!baseline!data!and!
after!introduction!of!the!ELPQuiC!Bundle.!
There! is! no! difference! in! compliance! to! process!measures! between! baseline! data!
and!after!introduction!of!the!ELPQuiC!Bundle.!
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1.11.3(Aims(and(Objectives(
The!primary!aim!was!to!investigate!the!impact!of!a!quality!improvement!initiative!(i.e.!
introducing! the! ELPQuiC! Bundle)! on! compliance! to! key! bundle! elements,! riskJ
adjusted!30Jday!and! inJhospital!mortality! following!emergency! laparotomy! surgery,!
when!compared!to!baseline!data.!
Secondary!aims!are:!
•! To! investigate! compliance! to! key! care! bundle! elements! before! and! after!
implementation!of!the!ELPQuiC!Bundle.!!
•! To! investigate! the! differences! in! postJoperative! length! of! stay! between! the!
baseline!and!ELPQuiC!groups.!
•! To!investigate!the!incidence!of!morbidity!after!emergency!laparotomy.!
.
.
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Chapter(Two(,(Methods 
2.1(Research(design(
(
The(study(is(an(evaluation(of(service,(with(the(aim(of(quality(improvement.(The(study(
design( is( a( multi*centre( prospective( baseline–intervention–post*intervention(
observational( cohort( study.( The( quality( improvement( (ELPQuiC)( project( was(
conducted(between(December(2012(and(July(2013(and(compared(with(a(combination(
of(prospective(and(retrospective(consecutive(historical(baseline(datasets(
2.1.1$ Ethical$issues$
The(study(design(did(not(require(randomisation(to(alternative(treatments.(Each(of(the(
goals(set(out(in(the(ELPQuiC(Bundle(is(supported(by(evidence(and/or(considered(best(
practice(by(national(governing(bodies.(The(data(collected(on(patients(was(considered(
an( evaluation( of( current( service.( The( National( Research( Ethics( Service( (NRES)(
guidelines(state(that(these(factors(mean(that(the(project(does(not(require(formal(ethical(
approval.(We(obtained(written( confirmation( from( the(NRES(Committee(South(East(
Coast( *( Surrey( (30th( August( 2012).( The( project( was( agreed( by( the( Research( &(
Development(departments(of(each(participating(hospital((Appendix(1).(
2.2( ( Care(bundle(development(
A(pilot(project(was(undertaken(at(the(RSCH((Huddart(et(al.(2012).(The(pilot(project(
demonstrated( a( reduction( in( crude(mortality,( however( the( groups( were( small( and(
unmatched( and( limited( process( data( was( collected( to( explain( why( outcomes( had(
changed.(This(pilot(project(highlighted(the(complexity(of(the(issue(and(the(challenges(
facing( quality( improvement( in( this( high*risk( group.( Based( on( the( experience( and(
limitations( of( the( pilot( project( a( quality( improvement( approach(was( adopted(which(
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applied(the(care*bundle(concept(to(this(group,(with(the(aim(of(standardising(evidence*
based( care( for( all( patients( and( explicitly( stating( care( goals.( The( care( bundle( was(
developed(with(the(aim(of(simplifying,(amalgamating(and(focusing(existing(evidence(
and(guidelines.(Details(of( the(evidence(behind(each(element(of( the(bundle(and(the(
national(guidelines(are(detailed(in(the(introduction((see(section(1.8).(
!
2.2.1( The(ELPQuiC(bundle(
(
Figure(2.1(–(ELPQuiC(Bundle(poster.(
(
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ALL PATIENTS presenting with emergency abdominal conditions THAT MAY 
REQUIRE EMERGENCY LAPAROTOMY are to be started on the Emergency 
Laparotomy ER Pathway and comply to the care-bundles goals below.
Emergency Laparotomy?
ELPQuiC
Emergency Laparotomy Pathway Quality Improvement Care-Bundle
1
2
3
4
5
 Early Assessment and Resuscitation
 MEWS within 30 minutes ●  of arrival in hospital
  ● Outreach review if MEWS >3
  ● MRCS surgical review within 30 minutes of referral
 Measure  ● arterial lactate
 Prompt  ● fluid resuscitation
 Early Antibiotics
  ● Within 1 hour if there is evidence of SIRS/sepsis
  ● Within 3 hours if there is suspicion of intra-peritoneal soiling
 Prompt diagnosis and Early surgery
 CT scan –  ● ‘Code Emergency Laparotomy’ prompts:
    –  ‘Next Slot’ prioritisation, scan within 2 hours of booking, 
 verbal report within 1 hour of scan
 ‘Next Slot’ ●  prioritisation on Emergency Theatre List
 Knife-to-skin within 6 hours ●  of decision to operate
  ● Consultant surgeon and anaesthetist present in theatre
 Goal Directed Fluid Therapy
 Goal Directed Fluid Therapy using cardiac output monitoring   ●
intra-operatively and for 6 hours post-operatively 
 Post-operative Intensive Care for all
  ● All patients to be cared for on intensive care
 If no intensive care bed is available – alternative level 2 area   ●
(e.g. Post Anaesthetic Care Unit or appropriately staffed recovery area, 
for at least 6 hours)
  ● Goal Directed Fluid Therapy for 6 hours post-operatively
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2.2.2( Bundle(Element(Checklists(
2.2.2.1( Checklist(for(Bundle(Element(1(–(Early(Assessment(and(Resuscitation(
All(emergency(admissions(to(surgical(assessment(area(have(an(early(warning(score(
(EWS)(completed.(Outreach(to(review(all(patients(with(EWS(of(4(or(more.(
a.( EWS(score(is(carried(out(within(30(minutes(of(patient(arrival.(
b.( Outreach(team((or(equivalent)(is(available(24(hours.(
c.( Once(EWS(score(is(4(or(greater(Outreach(team(are(called(and(respond(within(
30(minutes.(
d.( Outreach(assessment(including(arterial(lactate(measurement.(
e.( Graded(response(is(made(to(clinical(scenario(including:(
•( Resuscitation(of(cardiovascular(system.(
•( Blood(and(sample(cultures(taken(for(identification(of(causative(pathogens(if(
sepsis(suspected.(
•( Broad(spectrum(antibiotics(given(where(indicated((see(bundle(element(2).(
(
2.2.2.2( Checklist(for(Bundle(Element(2(–(Early(Antibiotics(
Broad*spectrum( antibiotics( to( be( given( to( all( patients( with( suspicion( of( peritoneal(
soiling,(systemic(inflammatory(response(syndrome((SIRS),(or(septic(shock.((
a.( Patients( who( are( suspected( of( intra*abdominal( soiling( or( perforation(
(peritonism,(acute(abdomen(with(symptoms(and/or(signs(of(sepsis,(free(intra*
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peritoneal( gas( on( imaging)( should( be( given( broad( spectrum( antibiotics,(
according(to(local(guidelines,(within(three(hours(of(arrival(in(hospital(or(time(of(
deterioration.(
b.( Patients( with( symptoms( and( signs( of( sepsis( with( evidence( of( organ( hypo*
perfusion(and/or(raised(arterial(lactate(should(be(given(antibiotics(according(to(
local(guidelines,(within(one(hour(of(arrival(in(hospital.(
There( was( no( standard( regimen( between( each( hospital.( Each( based( empirical(
antibiotic( guidelines( on( local( microbiological( advice.( ( An( example( of( an( antibiotic(
regime(is(pipperacillin/tazobaxtam((Tazocin)(4.5(g(and(gentamicin(5(mg/kg(stat((Royal(
Surrey(County(Hospital).(
(
2.2.2.3( Checklist(for(Bundle(Element(3(–(Prompt(Diagnosis(and(Early(
Surgery(
Once(the(decision(is(made(to(carry(out(laparotomy(the(patient(takes(the(next(available(
slot(on(emergency(list((or(within(six(hours(of(decision(made).(
a.( MRCS(surgeon(reviews(patient(within(30(minutes(of(referral.(
b.( When(CT(scan(is(requested(the(‘next(slot’((or(within(30(minutes)(is(made(
available(in(the(CT(scanner.(
c.( Verbal(report(of(the(CT(scan(to(be(available(within(one(hour(of(the(CT(scan(
d.( Once(a(decision(to(operate(is(made,(the(next(slot(in(the(CEPOD/Emergency(
list(is(made(available.(This(should(be(within(a(maximum(of(six(hours(after(the(
decision(to(operate(is(made.(
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e.( A(consultant(surgeon(is(involved(with(the(decision(to(operate(and(is(present(
for(the(operation.(
f.( An(anaesthetist,(with(FRCA,(present(for(all(emergency(laparotomy(cases,(a(
consultant(anaesthetist(is(present(for(those(with(ASA(grade(3(or(more.(((
g.( The(following(standards(are(maintained(in(the(operating(theatre(
•( WHO(checklist(
•( DVT(prophylaxis((mechanical/pharmacological)(
•( Surgical(site(wound(infection(prophylaxis(
(
2.2.2.4( Checklist(for(Bundle(Element(4(–(Goal(Directed(Fluid(Therapy((GDFT)(
Start( resuscitation(using(goal(directed( techniques(as(soon(as(possible(or(within(six(
hours(of(admission.(
a.( Equipment(available(for(GDT(
b.( Algorithm(for(GDT(available((see(appendix(2)(
c.( Staff( in( theatres,( ICU( and( HDU/Theatre( recovery( are( familiar( with( GDT(
techniques(and(algorithm(
d.( GDT(continues(for(minimum(six(hours.(
(
(
(
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2.2.2.5( Checklist(for(Bundle(Element(5(–(Post,Operative(Intensive(Care(
Admit(all(patients(after(emergency(laparotomy(to(ICU((Level(2/3(care).((
The( Intensive(Care( Society( (ICS)( definitions( of( levels( of( intensive( cared( Level( 2( –(
patients( requiring( single( organ( monitoring( or( support,( or( needing( extended( post*
operative( support,( Level( 3( –( patients( requiring( advanced( respiratory(monitoring( or(
support,(or(support(of(two(or(more(organs((The(Intensive(Care(Society(2009).(
a.( Intensive( care( is( notified( as( soon( as( patient( is( booked( for( emergency(
Laparotomy(
b.( If(no(bed(is(available(patients(are(discharged/transferred(to(allow(admission(
c.( When( immediate(admission( is(not(possible( to( ICU(provision( is(available( for(
continued(level(2/3(care(including(GDT.(
(
2.3( Inclusion(and(Exclusion(Criteria(
In(the(interest(of(comparability(with(existing(datasets,(and(familiarity,(the(
inclusion/exclusion(criteria(chosen(were(the(same(as(those(defined(by(the(
Emergency(Laparotomy(Network((Saunders(et(al.(2012).(
(
2.3.1( Inclusion(Criteria(
•( Over(18(years(of(age(at(time(of(operation(
•( All( patients( undergoing( expedited/urgent/emergency( (National( Confidential(
Enquiry(into(Perioperative(Deaths(2004)(abdominal(surgery(via(a(midline(upper(
and/or(lower(abdominal(incision(including:((
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•( Patients( for( whom( the( planned( procedure(was( laparoscopic,( but( was(
subsequently(converted(to(“open”.(
•( Laparoscopic( surgery( with( a( simultaneous( surgery( via( an( abdominal(
incision((“laparoscopic(assisted(open(surgery”(or(vice(versa).((
•( Patients(requiring(simultaneous(general(surgical(thoracotomy.(
•( All( emergency( laparotomies( irrespective( of( the( root( cause.( For( some(
patients( this(will( be( the( first( presentation( of( the( abdominal( pathology,(
others(may(be(experiencing(complications(of(earlier(elective(or(urgent(
surgery.(
•( All( patients( undergoing( expedited/urgent/emergency( (Anon( 2004)( major(
abdominal( laparoscopic( surgery,( but( excluding( appendicectomy( or(
cholecystectomy((see(exclusion(criteria).(
(
2.3.2( Exclusion(Criteria(
•( Appendicectomy(of(any(type(as(the(sole(surgical(procedure.(
•( Cholecystectomy(of(any(type(as(the(sole(surgical(procedure.(
•( Gynaecological( laparoscopy/laparotomy( of( any( type( unless( the( primary(
pathology(is(proven(to(be(general(surgical.(
•( Pancreatectomy(of(any(type.(
•( Surgery(related(to(organ(transplantation.(
•( Surgery(relating(to(sclerosing(peritonitis.(
•( Emergency(laparotomy(for(vascular(surgery((e.g.,(ruptured(AAA).(
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•( Laparotomy( or( laparoscopy( following( trauma/penetrating( injuries( to( the(
abdomen((blunt(injury,(gunshot,(or(stabbing).(
(
2.4( Funding(
The(project(was(awarded(£75,000(by(the(Health(Foundation(as(a(part(of(their(Shine(
2012(grant(programme.(This(funding(was(used(to(fund( local(research(staff( for(data(
collection,(independent(external(statistical(analysis,(project(administration(costs(and(
publication(open*access(fees.((Baseline(data(collection(at(the(Royal(United(Hospital(
Bath( was( funded( by( an( Innovation( grant( from( the( South( West( Strategic( Health(
Authority.(
LiDCO( Group( (London,( UK)( provided( LiDCOrapid( cardiac( output( monitors,(
consumables( and( education( at( all( sites( depending( on( local( experience( and(
requirements.( LiDCO(Group(was( not( involved( in( any( project( discussions,( protocol(
design,(meetings(or(data(analysis.(
(
2.5( Collaborators(
2.5.1( Recruitment(
To(provide(external(validity(and(test(the(hypothesis(in(a(variety(of(hospital(settings(the(
care(bundle(was(introduced(in(four(geographically(and(clinically(distinct(NHS(hospitals.(
The( four( participating( hospitals( were( chosen( due( to( their( track( record( in( quality(
improvement(and( their(enthusiasm(for( improvement( in(emergency(general(surgery.(
Enrolment( was( confirmed( after( a( site( visit( and( presentation( to( key( stakeholders(
(including(executive(board(representatives).!
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The( local( ELPQuiC( leads( at( each( hospital( each( presented( the( project( to( their(
respective( executive( board.( Enrolment( was( only( confirmed( after( agreement( from(
executive(board(members.(It(was(considered(essential( to(the(improvement(process(
that(executive(board*level(support(was(secured(prior(to(enrolment.(
2.5.2( Hospital(particulars(
The(details(below(were(taken(from(hospital(websites,(published(hospital(reports(and(
www.nhs.uk.!
Royal!Surrey!County!Hospital!
The(Royal(Surrey(County(Hospital(is(a(general(hospital(with(additional(tertiary(cancer(
services(based(in(Guildford.(It(serves(a(local(population(of(320,000(for(emergency(and(
general(hospital(services(and(1.3(million(people( for(cancer(services(across(Surrey,(
West( Sussex( and( Hampshire.( The( hospital( provides( a( number( of( tertiary( surgical(
oncology( services( including( colorectal,( hepatobiliary,( oesophageal,( urological,(
maxillofacial/oral(and(gynaecological.(
Royal!United!Hospital!Bath!
The(Royal(United(Hospital(Bath(provides(emergency(and(acute(treatment(and(care(for(
a(catchment(population(of(around(500,000(people(in(Bath(and(the(surrounding(areas(
of( Somerset,( Wiltshire( and( Gloucestershire.( Specialty( surgical( services( include(
vascular(surgery(and(colorectal(cancer(services.(
Royal!Devon!and!Exeter!Hospital!
The(Royal(Devon(and(Exeter(Hospital(provides(specialist(and(acute(hospital(services(
to( a( core( population( of( about( 460,000( people( in( Exeter( and( surrounding( areas( of(
Devon.(Specialist(surgical(services(include(cardiothoracic(surgery,(vascular(surgery,(
urology(and(colorectal(cancer(services.((
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Torbay!Hospital(
Torbay(Hospital( specialist( and( acute( hospital( services( for( a( population( of( 300,000(
(rising( to(400,000(during( the(summer(holiday(season)( in(Torquay(and(surrounding(
areas(of(Devon.(Specialist(surgical(services(include(vascular(surgery(and(colorectal(
cancer(services.(
2.5.3( Local(Team(Structures(
Each(hospital(had(an(ELPQuiC(Lead.(The(leads(were(responsible(for(overseeing(
data(collection,(quality(improvement(in(their(respective(sites.(The(team(structures(are(
summarised(in(table(2.1.(
( (
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(
Table(2.1(((*((List(of(collaborators(and(their(roles(and(responsibilities.(
(
Site( Name( Designation( Roles(and(responsibilities(
Royal(
Surrey(
County(
Hospital(
Dr(Sam(Huddart( Clinical(Research(Fellow((Anaesthetics)( ELPQuiC(Project(&(data(Manager,(data(
collection,(QI(coordinator(
Dr(Nial(Quiney( Consultant(Anaesthetist( ELPQuiC(Lead(investigator(
Dr(Matthew(Dickinson( Consultant(Anaesthetist( ELPQuiC(local(Lead(
Victoria(Hemmings( Research(Nurse( Data(collection,(QI(coordinator(
Ms(Angela(Riga( Consultant(General(and(Hepatobiliary(Surgeon( Surgical(Clinical(Lead(
Mr(Ajay(Belgaumkar( Specialty(Registrar(General(Surgery( Surgical(Clinical(Co*coordinator(
Mr(Daniel(White( Core(Trainee(General(Surgery( Data(collection(
Dr(Maha(Zuleika( Consultant(in(Anaesthetics(and(Intensive(Care( Project(development(
Royal((
United(
Hospital((
Bath(
Professor(Carol(Peden( Associate(Medical(Director(for(Quality(Improvement( QI(adviser,(ELPQuiC(local(Lead(
Louise(Corrigan( Research(Nurse( Data(collection(
Dr(Tim(Howes( Specialty(Registrar(Anaesthetics( Quality(Improvement(coordinator(
Ms(Sarah(Richards( Specialty(Registrar(General(Surgery( Quality(Improvement(coordinator(
Mr(Stephen(Dalton( Consultant(General(Surgeon( Quality(Improvement(coordinator(
Mr(Richard(Kryztopik( Consultant(General(Surgeon( Quality(Improvement(coordinator(
Professor(Tim(Cook( Consultant(Anaesthetist( Quality(Improvement(coordinator(
Royal((
Devon(
and(
Exeter(
Hospital(
Dr(Bruce(McCormick( Consultant(in(Anaesthetics(and(Intensive(Care( ELPQuiC(local(Lead,(Data(collection(
Dr(James(Pittman( Consultant(in(Anaesthetics(and(Intensive(Care( Anaesthetic(clinical(coordinator(
Mr(Neil(Smart( Consultant(General(Surgeon( Surgical(clinical(coordinator(
Dr(Louise(Cossey( Specialty(Registrar(Anaesthetics( Data(collection(
Mr(Ian(Daniels( Consultant(General(Surgeon( Quality(Improvement(coordinator(
Torbay(
Hospital(
Dr(Michael(Swart( Consultant(in(Anaesthetics(and(Intensive(Care( ELPQuiC(local(Lead,(Data(collection(
Alison(Cornwell( Research(Nurse( Data(collection(
Dr(Jennifer(Goddard( Anaesthetic(Registrar( Data(collection(
Miss(Shelley(Griffiths( Core(Trainee( Data(collection(
Dr(Freddy(Frost( Core(Trainee( Data(collection(
Dr(Allie(Piggott( Core(Trainee( Data(collection(
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2.5.4( Sharing(of(experiences(
An( initial( project( meeting( was( held( with( representatives( from( each( of( the( four(
participating( hospitals.( At( this( meeting( confirmed( dataset( and( definitions( were(
discussed(in(detail(and(confirmed.(Data(collection(training(was(provided.(Each(hospital(
confirmed(their(existing(data(and(identified(what(additional(baseline(data(would(need(
collecting(in(order(to(ensure(comparable(datasets(for(key(data(points.(
During( the( implementation( process,( representatives( from( each( of( the( participating(
hospitals(met(at(a(mutually(convenient( location(every(six(weeks.(At(these(meetings(
analysis(of(contemporaneous(data((see(sections(2.10.3,(2.10.4)(was(presented(and(
discussed.( Each( hospital( lead( presented( a( quality( improvement( narrative,( which(
included( details( of( interventions( aimed( at( improvement.( These( interventions( were(
designed(locally(to(address(specific(local(needs.(Successful(interventions(were(shared(
and(transferred(to(other(sites.(Each(hospital(used(a(repeated(combination(of(meetings,(
presentations(of(cases(and(project(data,(focused(teaching(sessions,(poster(and(email(
campaigns((see(appendix(3).(
Each( hospital( adapted( the( pathway( documentation( used( in( the( pilot( project( at( the(
Royal(Surrey(County(Hospital((see(appendix(4).(An(example(of(an(adapted(pathway(
is(shown(in(appendix(5.(
!
( (
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2.6( Data(collection(
2.6.1( Baseline(data(collection(
Baseline(data(were(collected( in(each(hospital( for(at( least(a( three*month(period( for(
consecutive(cases(that(met(the(inclusion/exclusion(criteria.(These(data(were(already(
in( existence( in( some( participating( hospitals( (Royal( Surrey( County( Hospital,( Royal(
United(Hospital(Bath,(Royal(Devon(and(Exeter(Hospital)(and(therefore(baseline(data(
does(not(represent(the(same(time(period(in(each(hospital(and(some(of(the(baseline(
datasets(cover(a( longer( time(period( than( three(months.(To(ensure(comparability(of(
certain( parameters,( additional( data( were( collected( retrospectively( to( augment( the(
existing( baseline( datasets.( Torbay( Hospital( baseline( data( were( retrospectively(
collected(from(case(notes.(All(baseline(cohorts(are(for(consecutive( inclusive(cases.(
Details(of(baseline(data(collection(are(shown(below:(
Royal!Surrey!County!Hospital!
*( Inclusive(dates:(13th(October(2011(to(31st(January(2012.(
*( Data(collection:(Existing(prospective(database(of(consecutive(inclusive(cases.(
*( Additional(retrospective(data(collection:(PPOSSUM,(complication(data.(
Royal!United!Hospital!Bath!
*( Inclusive(dates:(8th(April(2012(to(2nd(December(2012.(
*( Data(collection:(Existing(prospective(database(of(consecutive(inclusive(cases.(
-( Additional(retrospective(data(collection:(None.!
!
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Royal!Devon!and!Exeter!Hospital!
-! Inclusive!dates:!!24th!April!2011!to!27th!July!2011.!
-! Data!collection:!Existing!prospective!database!of!consecutive!inclusive!cases.!
-! Additional!retrospective!data!collection:!PPOSSUM,!complication!data.!
Torbay!Hospital!
-! Inclusive!dates:!19th!March!2012!to!12th!August!2012!
-! Data!collection:!Retrospective!(no!prePexisting!data).!
2.6.2( Post,intervention(data(collection(
Prospective( data( were( collected( contemporaneously( in( each( hospital( between( 3rd(
December(2012(and(31st(July(2013.(
Local(data(collection(staff(identified(patients(either(at(the(time(of(theatre(booking,(or(
via(electronic(theatre(records.(
Data(were(collected(using(a(paper(case(report( form((CRFd(see(appendix(6).(These(
data(were(the(input( into(a(database(via(the(EDGE(system((www.edge.nhs.uk).(The(
EDGE(database(was(managed(by(the(Research(and(Development(department(at(the(
Royal(Surrey(County(Hospital.(
Data(were(collected( from(a(variety(of(sources( including( the(patients’(clinical(notes,(
hospital( electronic( record( systems,( theatre( records( and( radiology( records.( It( was(
evident( that( each(hospital( stores( data( in( different(waysd( there(was( therefore( not( a(
standard(source(of(individual(data(points(for(each(hospital.(
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Data( collection( staff( were( trained( in( data( collection,( definitions( and( the( EDGE(
database.(They(were(supplied(with(comprehensive(data(definitions((Appendix(7)( to(
ensure(consistency(of( the(data(collected.(Any(queries(were(addressed( to( the(data(
manager((Dr(Sam(Huddart),(or(the(EDGE(manager((Ms(Sarah(Tracey(–(R&D(officer,(
RSCH).(
(
Figure(2.2.(Gantt(chart(showing(data(collection(timelines(for(participating(hospitals.(
2.6.3( Dataset(
2.6.3.1$ Demographics$
•( Age((in(years(at(time(of(operation)(
•( Sex((male/female)(
•( NCEPOD(classification((expedited/urgent/emergency)(
•( Predicted(risk(of(postoperative(mortality((%)(–(as(measured(by(the(
Portsmouth(Physiological(and(Operative(Severity(Score(for(the(enUmeration(
of(Mortality((P*POSSUM)(comprising(of:(
!( Physiological(parameters((measured(at(worst(pre*operative(
values):(
Feb$2011 Oct$2011 Feb$2012 Dec$2013 July$2013
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•( Age(
•( Cardiac(comorbidities(
•( Respiratory(comorbidities(
•( ECG(findings(
•( Systolic(blood(pressure((mmHg)(
•( Heart(rate((beats(per(minute)(
•( Haemoglobin((g/decilitre)(
•( White(blood(cell(count(cellsx109/litre(
•( Serum(Urea(level((mmol/litre)(
•( Serum(sodium(level((mmol/litre)(
•( Serum(potassium(level((mmol/litre)(
•( Glasgow(Coma(Score(
!( Operative(parameters((measured(at(operation):(
•( Operation(type(
•( Number(of(procedures(
•( Operative(blood(loss((ml)(
•( Peritoneal(contamination(
•( Malignancy(status(
•( Mode(of(surgery(
(
2.6.3.2( Process(data(
•( Time(of(presentation/deterioration((date/time)(
•( Source(of(referral((A&E,(GP,(in*patient((general(surgical/other)(
•( Admitting(specialty(
•( EWS(recorded(on(presentation,((Y/N,(date/time)(
•( First(Early(Warning(Score((EWS)(comprising(of:(
!( Systolic(blood(pressure((mmHg)(
!( Heart(rate((beats(per(minute)(
!( Respiratory(rate((respirations(per(minute)(
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!( Body(temperature((oC)(
•( Consciousness(level(
•( Outreach(referral((Y/N,(date/time)(
•( Outreach(review((Y/N,(date/time)(
•( First(medical((doctor)(contact((date/time)(
•( Surgical(referral((date/time)(
•( Arterial(lactate(measured((Y/N,(result)(
•( Fluid(resuscitation(commenced((Y/N,(date/time)(
•( SIRS((Y/N)(
•( Differential(diagnosis(of(perforation(or(peritoneal(soiling((Y/N)(
•( Blood/sample(cultures(taken(for(microbiology((Y/N)(
•( Pre*operative(antibiotics(administered((Y/N)(
•( Antibiotics(as(per(local(protocol((Y/N)(
•( Initial(surgical(review((date/time,(grade(of(surgeon)(
•( MRCS((Registrar)(surgical(review((date/time)(
•( CT(scan((dates/times(–(booking,(scan,(verbal(report,(grade(of(radiologist)(
•( Documented(consultant(surgical(review((Y/N,(date/time,(mode((bedside,(
local,(distant))(
•( Theatre(booking((date/time)(
•( Anaesthetic(room(arrival(and(induction((dates/times)(
•( Grade(of(most(senior(anaesthetist(present(at(any(point(during(procedure(
(grade,(FRCA((Y/N))(
•( Grade(of(most(senior(surgeon(present(at(any(point(during(the(procedure(
(grade,(CCT((Y/N))(
•( Duration(of(procedure((minutes)(
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•( Procedures(performed(
•( Underlying(pathology(
•( Complication(of(recent(surgical(procedure((Y/N)(
•( Goal(directed(therapy(–(intra*operatively((Y/N),(for(6(hours(postoperatively(
(Y/N)(
•( Intensive(care((level(2(or(3)(postoperatively((Y/N)(
(
2.6.3.3( Outcome(data(
•( Date(of(discharge(
•( Hospital(outcome(
•( Post*operative(length(of(stay(
•( Intensive(care(length(of(stay(
•( Unplanned(admission/readmission(to(intensive(care((Y/N,(duration(of(stay)(
•( 30*day(mortality(
•( Post*Operative(Morbidity(Survey(on(postoperative(days(3(&(7((Appendix(8)(
•( Clavien*Dindo(classification(of(postoperative(complications((Appendix(9).(
(
2.7( Quality(Improvement(Methodology(
The(project(used(the(Plan,!Do,!Study,!Act!(PDSA)(cycle(detailed(in(the(Introduction(
(see(section(1.6.1).(These(cycles(revolved(around(the(6*weekly(project(meetings.(The(
PDSA(cycle(was(informed(by(the(formulation(of(aspired(outcomes(and(their(drivers.(
These(are(summarised(in(the(Driver(Diagram(presented(figure(2.2.(
(
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2.7.1( Driver(diagrams(
Driver(diagrams(were(developed(to(identify(target(interventions(that(would(deliver(the(
larger( goal.(Driver( diagrams(were( developed( for( each( of( the( five( bundle( elements(
(described(in(section(2.).(An(example(of(the(overall(project(driver(diagram(is(shown(in(
figure(2.2.(The(driver(diagrams(shown(in(figures(2.3,(2.4,(2.5,(2.6,(2.7(&(2.8(detail(the(
more(specific(goals(and(their(drivers.((
Figure( 2.3:( Overall( project( Driver( Diagram( for( a( systematic( approach( to( improve(
compliance(and(mortality( for(patients(undergoing(emergency( laparotomy.(80%(was(
chosen(as( the(goal,(as(any(quality( improvement(programme(will(acknowledge( that(
there(will(always(be(patient(exceptions,(particularly(in(a(heterogeneous(group(such(as(
emergency(general(surgery.((The(aim(was(to(ensure(the(goals(are(reached(for(the(vast(
majority(of(patients.(
(
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Each(aspect(of( the(ELPQuiC(bundle(has( their(own(specific(primary(and(secondary(
drivers.(These(are(detailed(in(the(Driver(Diagrams(presented(figure(2.3,(2.4,(2.5,(2.6,(
2.7( and( 2.8( below.( 90%( was( chosen( as( the( goal,( as( any( quality( improvement(
programme(will(acknowledge(that(there(will(always(be(patient(exceptions.((The(aim(
should(be(to(ensure(the(goals(are(reached(for(the(vast(majority(of(patients.(
(
(
Figure(2.4:(Driver(Diagram(for(a(systematic(approach(to(ensure(patients(are(assessed(
using(early(warning(scores(at(presentation(and/or(clinical(deterioration.(((
(
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(
Figure(2.5:(Driver(Diagram(for(a(systematic(approach(to(ensure(patients(with(sepsis(
or(at(risk(of(sepsis(receive(antibiotic(treatment(prior(to(arrival(in(the(operating(theatre.(
Figure(2.6:(Driver(Diagram(for(a(systematic(approach(to(ensure(patients(reach(theatre(
within(6(hours(of(the(decision(to(operate.(((
(
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(
Figure(2.7:(Driver(Diagram(for(a(systematic(approach(to(ensure(patients(receive(Goal(
Directed(Fluid(Therapy(during(their(operation(and(for(six(hours(immediately(after(their(
emergency(laparotomy(operation.(
Figure(2.8:(Driver(Diagram(for(a(systematic(approach(to(ensure(patients(are(cared(for(
on(the(Intensive(Care(Unit(after(their(emergency(laparotomy(operation.(
(
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(
Figure(2.9:(Driver(Diagram(for(a(systematic(approach(to(ensure(patients(are(cared(for(
by( a( consultant( anaesthetist( and( consultant( surgeon( during( their( emergency(
laparotomy(operation.(
(
( (
Chapter(2(*(Methods(
 
! 167!
2.8( Statistical(Analysis(
2.8.1$ Sample$Size$
From(the(Emergency(Laparotomy(Network(National(Audit(the(national(average(30*day(
mortality( is( 14.9%( (Saunders( et( al.( 2012).( ( In( the( present( one*arm( study,( to(
demonstrate( at( the( 5%( two*sided( level,( with( 80%( power,( that( the( proposed(
methodology( 30*day( mortality( has( been( halved,( 170( patients'( data( need( to( be(
collected,(the(null(hypothesis(being(that(the(proposed(methodology(has(no(impact,(i.e.(
that( the( 30*day( mortality( is( 14.9%( or( higher.( ( Based( on( predicted( incidence( of(
emergency(laparotomy(at(each(hospital(it(was(anticipated(that(patient(numbers(would(
exceed( that( required(by( the(above(power(calculation(over( the(planned(eight*month(
implementation(period.(
The(project(is(also(designed(to(demonstrate(changes(in(practice(and(outcomes(over(
time.((Each(hospital(serves(a(different(population,(in(terms(of(size(and(different(tertiary(
subspecialist(services.((Due(to(these(factors,(it(was(anticipated(that(the(incidence(of(
inclusive(emergency( laparotomy(procedures(would(vary(between(centres(and(over(
time.((The(eight*month(implementation(period(is(chosen(as(it(was(considered(that(this(
period(will( give( time( to( complete(multiple(Plan,(Do,(Study,(Act( (PDSA)( cycles(and(
demonstrate(evidence(of(improvement(in(process(and(outcomes(over(time.(
(
2.8.2( Comparative(statistics(
The(characteristics(of(the(cohort((pre(and(post)(are(described(for(each(hospital(using(
patient( age,( gender,( P*POSSUM( risk,( American( Society( of( Anesthesiology( (ASA)(
grade,(mortality(and(length(of(stay.(The(uptake(of(the(ELPQuiC(bundle(is(compared(
using(percent((pre(and(post)(and(depicted(graphically(to(aid(visualisation.((
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(
Comparative( statistical( analyses( were( performed( using( GraphPad( Prism( Software(
version( 6.0g( (San( Diego,( USA)( unless( otherwise( stated.( ( Data( were( tested( using(
Fishers(exact(and(Chi–squared(tests(for(categorical(data,(and(Wilcoxon*rank(sum(for(
continuous( variables.( The( Kaplan*Meier( survival( curve( was( constructed( using(
GraphPad(Prism(Software(version(6.0g((San(Diego,(USA)(and(separated(using(Log(
rank((Mantel(Cox)(test.(The(risk(profile(of(patient’s(pre(and(post(implementation(were(
compared(using(the(mean(P*POSSUM(risk(of(death,(individually(for(each(hospital(and(
collectively( for( all( hospitals( using( a( test( for( proportions( (as( implemented( in( the(
PRTEST(in(Stata(version(13((StataCorp).(2013.(Stata(Statistical(Software:(Release(
13.(College(Station,( TX:(StataCorp( LP)).( The( statistical( significance( of( changes( in(
process*of*care(variables(was(determined(using(a(two*tailed(Fisher’s(exact(test(with(
missing(data(treated(as(a(separate(category,(and(with(the(missing(data(excluded(from(
the(calculations,(so(that(the(extent(to(which(missing(data(contributed(to(the(change(
could( be( assessed.( All( analyses( were( undertaken( using( Stata®( Release( 13(
(StataCorp( LP,( College( Station,( Texas,( USA),( GraphPad( Prism( version( 6.0g(
(GraphPad( Software,( San( Diego,( USA)( and( R( (http://www.R*project.org).( The( null(
hypothesis(was(rejected(at(p<0.05.(
(
2.8.3( Risk,adjusted(mortality(
Crude(mortality(and(risk*adjusted(30*day(mortality(data(are(reported.(Two(statistical(
approaches(were(used(based(on(the(predicted(risk(of(death(of(each(patient(calculated(
using(the(P*POSSUM(equation.((From(each(of(these(analyses(individual(hospital(and(
pooled(results(are(reported(with(95(per(cent(confidence(intervals.(The(null(hypothesis(
was(rejected(at(p<0·05.(
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(
In( the( first( approach,( cumulative( sum( (CUSUM)( plots( were( used( to( show( the(
cumulative(difference(between(expected(risk(of(death((as(defined(by(the(P*POSSUM(
case(mix(adjusted(scheme)(and(observed(outcome.(Each(patient(is(assigned(a(score(
based(on( their(outcome(and(predicted(risk(of(mortality.(Outcome(scores(are(+1( for(
survival(and(*1(for(mortality,(these(are(then(adjusted(for(the(predicted(chance(of(that(
outcome.(For(example,(a(patient(with(a(predicted(risk(of(mortality(of(95%(who(went(on(
to(survive(would(be(assigned(an(adjusted(score(of(+0.95.(A(patient(with(a(predicted(
mortality(of(5%(who(went(on(the(die(would(be(assigned(an(adjusted(score(of(*0.95.(
The( scores(are( summated( for( consecutive(patients( and(plotted(over( time.(A( rising(
CUSUM(reflects( the(saving(of( lives( (in(comparison( to(predicted(mortality),(a( falling(
CUSUM(reflects(loss(of(lives(and(a(stable(CUSUM(is(neutral.(Separate(CUSUM(plots(
were(produced(for(each(hospital(showing(the(pre(and(post(ELPQuiC(implementation(
periods.(The(CUSUM(slopes((pre(versus(post)(were(compared(using(a(single(linear(
regression(model( with( CUSUM( as( the( response( variable,( hospital( as( an( indicator(
variable( and( baseline( as( a( binary( variable( (yes/no)( with( an( interaction( term( with(
consecutive(patient(number.(The(coefficient(of(the(interaction(term(is(the(difference(in(
slopes( (difference( in( lives( saved( per( patient)( in( the( pre( versus( post( period.( This(
statistical(analysis(comparing(the(rate(of(change(in(the(CUSUM(plot(in(the(pre(versus(
post(time(periods(provides(insight(into(the(pace(of(change.(
(
In(the(second(approach(a(binary(logistic(regression(model(was(used(to(compare(the(
overall(risk*adjusted(mortality(between(the(pre(versus(post(time(periods.(The(response(
variable(was(30*day(mortality(and(the(P*POSSUM(risk((on(the(logit(scale)(was(used(
as( an( offset( term.( A( single( model( was( constructed( with( an( indicator( variable( for(
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hospital,(a(binary(variable(indicating(baseline((yes/no)(and(an(interaction(term(between(
hospital(and(baseline(period.(The( interaction( terms(represents( the(difference( in( log(
odds( of( death( between( the( baseline( and( ELPQuiC( periods.( The( results( from( the(
logistic( regression( model( are( represented( as( absolute( risks( (which( are( depicted(
graphically),(risk(differences(and(risk(ratios(using(the(approach(described(by((Norton(
et(al.(2001).(
(
2.8.4( Statistical(Process(Control(
Statistical(process(control((SPC)(run(charts(were(created(for(specific(outcomes(and(
process(measures(to(demonstrate(changes((or(lack(of)(over(time(using(CHARTrunner®(
Lean(software(version(2.0((Productivity*Quality(Systems(Inc.,(Dayton(USA).((During(
the(project(the(data(was(presented(as(SPC(run(charts(using(individual/moving(range(
(XMR)( charts( and( proportion( run( charts( (p*charts).( XMR( charts( were( used( for(
continuous(data( (e.g.( length(of(stay,( time( to(antibiotics,( time( to( resuscitation( fluids,(
time(to(CT(scan,(time(to(theatre).(P*charts(were(used(for(attributes((yes/no)(data((e.g.(
MEWS( score( recorded,( antibiotics/fluids( administered,( goal( directed( fluid( therapy(
utilised,( consultant( present( in( theatre,( post*operative( intensive( care).( These( run(
charts,(as(well(as(other(methods(of(monitoring(compliance((see(section(2.8.4)(were(
updated( and( presented( at( each( of( the( 6*weekly( project( meeting( to( demonstrate(
changes(over(time,(identify(improvement(and(inform(discussion.(
((
2.8.5( Other(methods(of(monitoring(compliance(
Compliance(to(key(metrics(in(each(participating(hospital(were(also(presented(in(the(
form( of( a( quality( dashboard( and( individual( hospital( spider( diagrams.( This( focused(
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discussion( on( the( areas( most( requiring( attention( in( each( participating( hospital,(
facilitated(cross*fertilization(of(ideas(and(sharing(of(good(practice.(
((
2.8.5.1( Quality(Improvement(Dashboard(
The(Quality( Improvement(Dashboard( consists( of( a( colour*coded( table.( The( colour(
coding(was(designed(to(clearly(demonstrate(areas(of(good(compliance((>80%,(green),(
borderline(areas((60*80%,(amber)(and(poor(compliance((<60%,(red).((An(example(of(
the(dashboard(is(shown(below.(
( Hospital(1( Hospital(2( Hospital(3( Hospital(4(
Individual(care(process(
compliance(1(
65%( 78%( 99%( 99%(
Individual(care(process(
compliance(2(
67%( 69%( 65%( 86%(
Individual(care(process(
compliance(3(
77%( 62%( 66%( 74%(
Individual(care(process(
compliance(4(
92%( 58%( 82%( 49%(
(
Figure(2.10.((Quality(Improvement(Dashboard(demonstrating(proportion(of(compliant(
cases(and(colour(coded(according(to(level(of(compliance((green(>80%,(amber(>60%(
and(>80%(ad(red(<60%).(
(
(
(
(
(
(
(
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2.8.5.2( Spider(diagrams(
Spider(diagrams(were(used(to(plot(compliance( to(consecutive(metrics.(The(area(of(
each(diagram(was(calculated(and(presented(as(a(percentage(of(maximal(compliance.(
This(acted(as(a(measure(of(overall(compliance(for(each(hospital.(An(example(of(the(
spider(diagrams(is(shown(below.(
(
Figure(2.11.(Spider(diagrams(showing(combined(compliance(to(each(care(bundle(key(
performance(indicator.!
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Chapter(Three(*(Results(
3.1( Cohort(details(
In#the#interval#before#implementation#of#the#ELPQuiC#bundle,#299#consecutive#patients#
underwent#emergency#laparotomy#compared#with#427#consecutive#patients#in#the#8#
months#following#introduction#of#the#bundle.#The#number#of#cases#for#each#hospital#in#
the#baseline#and#ELPQuiC#groups#varied#between#hospital#and#between#cohorts.#Each#
hospital#site#was#coded#for#reporting#of#data#as#followsE#site#1#–#RSCH,#site#2#–#RUH,#
site#3#–#RDEH#and#site#4#–#TH.#Site#1#submitted#data#for#51#cases#pre#and#109#case#
post,#site#2#submitted#144#pre#and#144#post,#site#3#44#pre#and#97#post#and#site#4#60#
pre#and#77#post#implementation#of#the#ELPQuiC#bundle.#The#relative#contribution#of#
each#hospital#for#the#baseline#period#was#dependent#on#the#size#of#existing#databases.#
Differing# contributions# for# the# postSimplementation# data# from# each# hospital# was#
dependent# on# the# throughput# of# inclusive# cases,# which# was# variable# between#
hospitals.#
#
3.1.1( PPOSSUM(predicted(mortality(
The#demographic#data#before#and#after#implementation#in#each#hospital#are#shown#in#
table# 3.1.# There# were# no# significant# differences# in# the# risk# profile# of# patients# as#
determined# by# the# PPOSSUM# mortality# risk# in# any# hospital# or# pooled# across# all#
hospitals.# # The# mean# pooled# PSPOSSUM# risk# in# the# baseline# period# was# 0.197,#
compared#with#0.223#after# implementation#(risk#difference#–0.026,#95#per#cent#CI#–
0.086#to#0.034E#p=0.395).#
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There# were# no# significant# differences# in# PPOSSUM# predicted# mortality# at# any#
individual#site#before#and#after#ELPQuiC#bundle#implementation#(table#3.1,#figure#3.1,#
figure#3.2).##
(
(
Figure(3.1.#BoxSwhisker#plot#showing#distribution#(Median,#IQR,#range)#of#predicted#
risk#of#30Sday#mortality#(per#cent,#calculate#using#PPOSSUM)#pre#and#post# in#each#
hospital.#
#
#
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#
#
Figure(3.2.#Histogram#demonstrating#distribution#of#PPOSSUM#predicted#mortality#(in#
deciles)#risk#before#(blue)#and#after#(red)#implementation#of#ELPQuiC#bundle.
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Table&3.1!Demographics,!crude!mortality,!length!of!stay!and!predicted!mortality.!Values'in'parentheses'are'percentages'unless'indicated'otherwise3'
*'Fishers'Exact'test,'**'values'are'mean(s.d.)'and'†median'(i.q.r.)'for'survivors.'!'MannCWhitney'test,'#'Test'for'proportions.''ELPQuiC,'emergency'laparotomy'pathway'quality'
improvement'care'bundle3'ASA,'American'Society'of'Anesthesiologists3''PCPOSSUM,'Portsmouth'modification'of'Physiological'and'Operative'Severity'Score'for'the'
enUmeration'of'Mortality'and'morbidity.!
! ! Site&1& Site%2% Site%3% Site%4% All%
! ! Pre!ELPQuiC! Post!ELPQuiC!
Pre!
ELPQuiC! Post!ELPQuiC!
Pre!
ELPQuiC! Post!ELPQuiC!
Pre!
ELPQuiC! Post!ELPQuiC!
Pre!
ELPQuiC! Post!ELPQuiC!
Patient&Characteristics& 51! 109! 144! 144! 44! 97! 60! 77! 299! 427!
Sex&
Female& 38!(75)! 56!(51.4)! 73!(50.7)! 79!(54.9)! 19!(43)! 49!(51)! 31!(52)! 41!(53)! 161!(53.8)! 225!(52.7)!
p*& 0.006& 0.555! 0.469! 0.865! 0.763!
Age&at&operation& Years!**& 66.6(16.6)! 65.3(17.7)! 65.1(16.6)! 63.7(17.5)! 65.7(13.9)! 69.3(14.0)! 66.2(15.0)! 66.0(15.5)! 65.6(15.8)! 65.8(16.5)!
Outcome&at&30&
days&
Alive& 42!(82)! 96!(88.1)! 123!(85.4)! 126!(87.5)! 39!(89)! 89!(92)! 53!(88)! 71!(92)! 257!(86.0)! 382!(89.5)!
Died& 9!(18)! 13!(11.9)! 21!(14.6)! 18!(12.5)! 5!(11)! 8!(8)! 7!(12)! 6!(8)! 42!(14.0)! 45!(10.5)!
Alive&at&Hospital&
Discharge&
No& 41!(80)! 96!(88.1)! 122!(84.7)! 125!(86.8)! 37!(84)! 89!(92)! 52!(87)! 70!(91)! 252!(84.3)! 380!(89.0)!
Yes& 10!(20)! 13!(11.9)! 22!(15.3)! 19!(13.2)! 7!(16)! 8!(8)! 8!(13)! 7!(9)! 47!(15.7)! 47!(11.0)!
ASA&
1& 5!(10)! 14!(12.8)! 12!(8.3)! 16!(11.1)! 4!(9)! 8!(8)! 6!(10)! 7!(9)! 27!(9.0)! 45!(10.5)!
2& 10!(20)! 36!(33.0)! 48!(33.3)! 52!(36.1)! 9!(21)! 32!(33)! 28!(47)! 27!(35)! 95!(31.8)! 147!(34.4)!
3& 19!(37)! 40!(36.7)! 46!(31.9)! 44!(30.6)! 18!(41)! 40!(41)! 20!(33)! 32!(42)! 103!(34.5)! 156!(36.5)!
4& 16!(31)! 18!(16.5)! 31!(21.5)! 26!(18.1)! 12!(27)! 12!(12)! 5!(8)! 10!(13)! 64!(21.4)! 66!(15.5)!
5& 1!(2)! 1!(0.9)! 7!(4.9)! 6!(4.2)! 1!(2)! 5!(5)! 1!(2)! 1!(1)! 10!(3.3)! 13!(3.0)!
PostJoperative&
Length&of&stay&
Days†& 11!(7–24)! 11!(7–21)! 12!(7–23)! 10!(6,18)! 12!(8–21)! 12!(8–19)! 10!(7–21)! 13!(6–32)! 11!(7–23)! 11!(6–21)!
P!% 0.805! 0.064! 0.594! 0.548! 0.321!
Predicted&mortality&
PJPOSSUM&
risk&score&**& 0.226!(0.282)! 0.251!(0.298)! 0.193!(0.234)! 0.267!(0.307)! 0.200!(0.207)! 0.179!(0.241)! 0.179!(0.237)! 0.159!(0.212)! 0.197!(0.239)! 0.223!(0.278)!
P%#& 0.730! 0.140! 0.764! 0.755! 0.395!
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3.1.2% Age%distribution%
There%were%no%significant%differences%in%patient%age%at%time%of%operation%before%and%
after%ELPQuiC%bundle%implementation%in%any%of%the%four%participating%hospitals%(table%
1,%figure%3.2).%Overall%for%all%patients%the%median%(i.q.r)%age%at%time%of%operation%was%68%
(57J77)%preJ%and%69%(57J78)%postJ%implementation%of%the%ELPQuiC%bundle%(p=0.728).%
Individual%site%median%(i.q.r)%age%at%time%of%operation%preJ%versus%postJimplementationO%
site% one% 68% (57J81)% vs% 69% (56J78)% (p=% 0.6981),% site% two% 67% (54J77)% vs% 67% (52J77)%
(p=0.6981),%site%three%66%(59J73)%vs%69%(60J82)%(p=%0.1835),%site%four%70.5%(61J76)%vs%
(70%(56J78)%(p=0.7821).%Age%distribution%is%detailed%in%table%1,%figure%3.3%and%figure%3.4.%
%
 
Figure%3.3.%BoxJwhisker%plot%showing%distribution%(Median,%IQR,%range)%of%patient%age%
in%years%pre%and%post%in%each%hospital.%%
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%
Figure%3.4.%Age%distribution%before%(blue)%and%after%(red)%implementation%of%
ELPQuiC.%
%
3.1.3% ASA%distribution%%
Table% 3.2% and% figure% 3.5% show% the% ASA% functional% status% distribution% for% all% sites%
individually%and%for%all%cases%pooled%together.%There%were%no%significant%differences%in%
the%ASA%distribution%of%patients%before%and%after%ELPQuiC%implementation%in%individual%
hospitals%or%when%all%cases%are%pooled%together.%
%
Figure%3.5.%ASA%distribution%before%(blue)%and%after%(red)%implementation%of%
ELPQuiC.%
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Table%3.2%ASA%distribution%before%and%after%implementation%of%ELPQuiC%per%site%and%
for%all%patients.%Data%are%presented%as%n%(%).%*Chi%squared%test%
% Site%1% Site%2% Site%3% Site%4% All%
% Pre%%ELPQuiC%
Post%
ELPQuiC%
Pre%%
ELPQuiC%
Post%
ELPQuiC%
Pre%%
ELPQuiC%
Post%
ELPQuiC%
Pre%%
ELPQuiC%
Post%
ELPQuiC%
Pre%%
ELPQuiC%
Post%
ELPQuiC%
% 51% 109% 144% 144% 44% 97% 60% 77% 299% 427%
ASA%1% 5%(9.8)%
14%
(12.8)%
12%
(8.3)%
16%
(11.1)%
4%
(9.1)%
8%
(8.2)%
6%
(10.0)%
7%
(9.1)%
27%
(9.0)%
45%
(10.5)%
ASA%2% 10%(19.6)%
36%
(33.0)%
48%
(33.3)%
52%
(36.1)%
9%
(20.5)%
32%
(33.0)%
28%
(46.7)%
27%
(35.1)%
95%
(31.8)%
147%
(34.4)%
ASA%3% 19%(37.3)%
40%
(36.7)%
46%
(31.9)%
44%
(30.6)%
18%
(40.9)%
40%
(41.2)%
20%
(33.3)%
32%
(41.6)%
103%
(34.3)%
156%
(36.5)%
ASA%4% 16%(31.4)%
18%
(16.5)%
31%
(21.5)%
26%
(18.1)%
12%
(27.3)%
12%
(12.4)%
5%
(8.3)%
10%
(13.0)%
64%
(21.4)%
66%
(15.5)%
ASA%5% 1%(2.0)%
1%
(0.9)%
7%
(4.9)%
6%
(4.1)%
1%
(2.3)%
5%
(5.2)%
1%
(1.7)%
1%
(1.3)%
10%
(3.3)%
13%
(3.0)%
! p%=%0.1737*% p%=%0.8628*% p%=%0.1846%*% p%=%0.6519%*% p%=%0.3409%*%
%
%
3.1.4% Gender%distribution%
Overall%there%were%no%differences%in%sex%distribution%between%the%cohorts%before%and%
after%ELPQuiC%implementation%(table%3.1).%Site%1%had%a%statistically%significant%
difference%in%sex%distribution%(M:%F%38:13%versus%56:53,%p=0.006).%
%
% %
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3.1.5% Underlying%pathology%
Table% 3.3% shows% the% incidence% of% underlying% pathology% before% and% after% ELPQuiC%
implementation% for% individual% sites% and% all% cases% pooled% together.% There% were% no%
significant%differences%in%the%incidence%of%underlying%pathology%for%all%pooled%cases.%
The%incidence%of%underlying%pathologies%for%all%pooled%cases%are%shown%in%figure%3.6.%
%
%
%
Figure%3.6%Underlying%pathology%as%a%proportion%of%patients%(per%cent)%before%(blue)%
and%after%(red)%implementation%of%the%ELPQuiC%bundle.%
%
%
%
%
%
%
%
!
!
!
!
!
!
Figure!1.!Underlying!pathology!and!operative!procedures!performed!(as!a!proportion!of!all!
patients)!before!(blue)!and!after!(red)!implementation!of!the!ELPQuiC!bundle.!This!data!has!
not!been!published!elsewhere.!
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Table%3.3%Underlying%pathology%by%site%before%and%after%introduction%of%the%ELPQuiC%
bundle.%Data!is!presented!as!n!(%).!*Fishers!Exact!Test.%
% Site%1% Site%2% Site%3% Site%4% All%
% Pre%%ELPQuiC%
Post%
ELPQuiC%
Pre%%
ELPQuiC%
Post%
ELPQuiC%
Pre%%
ELPQuiC%
Post%
ELPQuiC%
Pre%%
ELPQuiC%
Post%
ELPQuiC%
Pre%%
ELPQuiC%
Post%
ELPQuiC%
Underlying%
Pathology% 51% 109% 144% 144% 44% 97% 60% 77% 299% 427%
Perforation!
12%
(23.5)%
38%
(34.9)%
45%
(31.3)%
25%
(22.9)%
19%
(43.2)%
38%
(34.9)%
15%
(25.0)%
20%
(18.3)%
91%
(30.4)%
121%
(28.3)%
% % % % % % % % p=0.5621*%
Small!Bowel!
Obstruction!
19%
(37.3)%
25%
(22.9)%
37%
(25.7)%
37%
(33.9)%
5%
(11.4)%
33%
(30.3)%
16%
(26.7)%
27%
(24.8)%
77%
(25.8)%
122%
(28.6)%
% % % % % % % % p=0.4469*%
Large!Bowel!
Obstruction!
7%
(13.7)%
19%
(17.4)%
20%
(13.9)%
17%
(15.6)%
5%
(11.4)%
13%
(11.9)%
8%
(13.3)%
1%
(0.9)%
40%
(13.4)%
50%
(11.7)%
% % % % % % % % p=0.5674*%
Ischaemic!
bowel!
8%
(15.7)%
13%
(11.9)%
19%
(13.2)%
9%
(8.3)%
4%
(9.1)%
16%
(14.7)%
8%
(13.3)%
6%
(5.5)%
39%
(13.0)%
44%
(10.3)%
% % % % % % % % p=0.2864*%
Collection!
1%
(2.0)%
5%
(4.6)%
2%
(1.4)%
10%
(9.2)%
0%
(0)%
1%
(0.9)%
1%
(1.7)%
6%
(5.5)%
21%
(7.0)%
22%
(5.2)%
% % % % % % % % p=0.3384*%
Diverticular!
disease!
1%
(2.0)%
8%
(7.3)%
9%
(6.3)%
9%
(8.3)%
0%
(0)%
8%
(7.3)%
4%
(6.7)%
3%
(2.8)%
14%
(4.7)%
28%
(6.6)%
% % % % % % % % p=0.3342*%
Anastomotic!
breakdown!
1%
(2.0)%
4%
(3.7)%
12%
(8.3)%
4%
(3.7)%
1%
(2.3)%
3%
(2.8)%
0%
(0)%
3%
(2.8)%
14%
(4.7)%
14%
(3.3)%
% % % % % % % % p=0.3358*%
Haemorrhage!
1%
(2.0)%
6%
(5.5)%
8%
(5.6)%
2%
(1.8)%
2%
(4.5)%
4%
(3.7)%
0%
(0)%
4%
(3.7)%
11%
(3.7)%
29%
(6.8)%
% % % % % % % % p=0.0973*%
Inflammatory!
bowel!
disease!
1%
(2.0)%
2%
(1.8)%
5%
(3.5)%
9%
(8.3)%
3%
(6.8)%
2%
(1.8)%
1%
(1.7)%
1%
(0.9)%
10%
(3.3)%
14%
(3.3)%
% % % % % % % % p=1.0000*%
Unknown/!
not!recorded%
1%
(2.0)%
0%
(0)%
0%
(0)%
0%
(0)%
2%
(4.5)%
0%
(0)%
9%
(15.0)%
0%
(0)%
12%
(4.0)%
0%
(0)%
%
%
%
% %
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3.1.6% Operative%procedure%
The%incidence%of%operative%procedures%before%and%after%ELPQuiC%implementation%for%
individual%hospitals%and%all%pooled%data%are%shown%in%table%3.4%and%figure%3.7.%There%
were%significant%differences%in%the%incidence%of%bowel%resection%and%adhesiolysis%as%
the%sole%procedure%for%all%pooled%data.%The%incidence%of%bowel%resection%was%41.8%%
before% and% 56.0%% after% ELPQuiC% implementation% (p=0.0001).% The% incidence% of%
adhesiolysis% as% the% sole% operative% procedure% was% 7.7%% before% and% 14.3%% after%
(p=0.0066).% These% differences% were% not% reflected% in% the% incidence% of% underlying%
pathology%(section%3.1.5).%%
%
Figure%3.7%Operative%procedures%as%a%proportion%of%patients%with%available%data%
(i.e.% excluding% cases% with% missing% data)% before% (blue)% and% after% (red)%
implementation%of%the%ELPQuiC%bundle.%
%
!
!
!
!
!
!
Figure!1.!Underlying!pathology!and!operative! rocedures!performed!(as!a!proportion!of!all!
patients)!before!(blue)!and!after!(red)!implementation!of!the!ELPQuiC!bundle.!This!data!has!
not!been!published!elsewhere.!
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Table%3.4%Operative%procedures%by%site%before%and%after%introduction%of%the%ELPQuiC%
bundle.%Data% is% presented% as% n% (%)% unless% otherwise% stated.%GI% –% gastrointestinal.%
*Fishers%exact%test.%
% Site%1% Site%2% Site%3% Site%4% All%
% Pre%%ELPQuiC%
Post%
ELPQuiC%
Pre%%
ELPQuiC%
Post%
ELPQuiC%
Pre%%
ELPQuiC%
Post%
ELPQuiC%
Pre%%
ELPQuiC%
Post%
ELPQuiC%
Pre%%
ELPQuiC%
Post%
ELPQuiC%
Underlying%
Pathology% 51% 109% 144% 144% 44% 97% 60% 77% 299% 427%
Bowel%
resection%
27%
(52.9)%
56%
(51.4)%
70%
(48.6)%
88%
(61.1)% NA%
54%
(55.7)%
28%
(46.7)%
41%
(52.2)%
125%
(41.8)%
239%
(56.0)%
% % % % % % % % p=0.0002*%
Stoma%
2%
(3.9)%
8%
(7.3)%
42%
(29.2)%
45%
(31.3)% NA%
18%
(18.6)%
7%
(11.7)%
10%
(13.0)%
56%
(18.7)%
96%
(22.5)%
% % % % % % % % p=0.2297*%
Adhesiolysis%
alone%
2%
(3.9)%
8%
(7.3)%
30%
(20.8)%
28%
(19.4)% NA%
29%
(29.9)%
7%
(11.7)%
23%
(29.9)%
23%
(7.7)%
61%
(14.3)%
% % % % % % % % p=0.0066*%
Repair%of%
perforation%
1%
(2.0)%
5%
(4.6)%
12%
(8.3)%
6%
(4.2)% NA%
9%
(9.3)%
6%
(10.0)%
4%
(5.2)%
23%
(7.7)%
27%
(6.3)%
% % % % % % % % p=0.5518*%
Primary%
anastomosis%
7%
(13.7)%
23%
(21.1)%
14%
(9.7)%
11%
(7.6)% NA%
4%
(4.1)%
1%
(1.7)%
12%
(15.6)%
17%
(5.7)%
35%
(8.2)%
% % % % % % % % p=0.2421*%
Any%hernia%
repair%
5%
(9.8)%
8%
(7.3)%
11%
(7.6)%
6%
(4.2)% NA%
9%
(9.3)%
2%
(3.3)%
9%
(11.7)%
15%
(5.0)%
32%
(7.5)%
% % % % % % % % p=0.2205*%
Drainage%
collection/%
abscess/%
haematoma%
7%
(13.7)%
15%
(13.8)%
7%
(4.9)%
6%
(4.2)% NA%
1%
(1.0)%
3%
(5.0)%
3%
(3.9)%
11%
(3.7)%
15%
(3.5)%
% % % % % % % % p=1.0000*%
GI%bypass%
procedure%
1%
(2.0)%
2%
(1.8)%
4%
(2.8)%
3%
(2.1)% NA%
3%
(3.1)%
2%
(3.3)%
1%
(1.3)%
7%
(2.3)%
9%
(2.1)%
% % % % % % % % p=1.0000*%
Over%sew/%
Ligation%for%
bleeding%
0%
(0)%
1%
(0.9)%
2%
(1.4)%
0%
(0)% NA%
3%
(3.1)%
0%
(0)%
1%
(1.3)%
2%
(0.7)%
5%
(1.2)%
% % % % % % % % p=0.7060*%
Unknown% 1%(2.0)%
0%
(0)%
0%
(0)%
0%
(0)%
44%
(100)%
0%
(0)%
11%
(18.3)%
0%
(0)%
56%
(18.7)%
0%
(0)%
% %
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3.2%%%Length%of%stay%
There%were%no%statistically%significant%differences%in%postJoperative%length%of%hospital%
stay%for%patients%who%survived%to%hospital%discharge,%both%at%an%individual%hospital%level%
and%when%data%is%combined.%Data%is%presented%in%Table%3.5,%figure%3.8%and%figure%3.9.%
Table%3.5.%PostJoperative%length%of%hospital%stay%for%survivors.%Values!are!†median!
(i.q.r.)!for!survivors.!!!!MannRWhitney!test.%
% Site%1% Site%2% Site%3% Site%4% All%
% Pre%%ELPQuiC%
Post%
ELPQuiC%
Pre%%
ELPQuiC%
Post%
ELPQuiC%
Pre%%
ELPQuiC%
Post%
ELPQuiC%
Pre%%
ELPQuiC%
Post%
ELPQuiC%
Pre%%
ELPQuiC%
Post%
ELPQuiC%
% 41% 96% 122% 125% 37% 89% 52% 70% 252% 380%
PostI
operative%
length%of%
stay%(days)%
11%%
(7–24)%
11%%
(7–21)%
12%%
(7–23)%
10%%
(6,18)%
12%%
(8–21)%
12%%
(8–19)%
10%%
(7–21)%
13%%
(6–32)%
11%%
(7–23)%
11%%
(6–21)%
P!% 0.805% 0.064% 0.594% 0.548% 0.321%
%
Figure%3.9%shows%XMR%SPC%charts%for%PLOS%(survivors)%for%the%all%four%hospitals.%Each%
chart%shows%the%individual%length%of%stay%of%consecutive%hospital%survivors.%The%black%
centre% line%shows%mean% length%of%stay,% the% red%centre% line%shows%median% length%of%
stay,%the%1J,%2J%and%3J%sigma%confidence%limits%(see%section%1.7.3)%are%shown%in%green,%
yellow%and%red%respectively.%Data%points%that%show%a%change%in%the%system%(outside%3J
sigma%upper%confidence%limit,%more%than%five%consecutive%points%above%or%below%the%
mean,%or% in%an%upward%or% downward% trend)%are%highlighted% in% red.%The%confidence%
limits,%mean%and%median%are%shown%for%the%pre%and%post%ELPQuiC%periods%separately.%
Patients%sporadically%stay%in%hospital%for%extended%periods,%these%patients%who%have%
suffered%major%complications%during%their%hospital%stay%that%have%kept%them%in%hospital%
for%extended%treatment.%The%frequency%of%these%long%stay%patients%does%not%appear%to%
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be%different%between%the%baseline%and%ELPQuiC%periods.%Sites%1,2%and%3%appear%to%
have%more% run%of% significant% change%after%ELPQuiC% implementation.%Sites%1%and%2%
charts% demonstrate% a% lower% upper% confidence% limit% indicating% reduced% variation% in%
hospital%length%of%stay%after%implementation.%
%
%
Figure%3.8.%Box%and%whisker%plot%showing%postJoperative%length%of%hospital%stay%for%
patients%who%survive%to%hospital%discharge.%Boxes!show!interRquartile!range,!centre!
line!shows!median,!+!denotes!mean,!whiskers!show!range.!
%
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%
Figure%3.9.%XMR%moving%range%run%chart%showing%length%of%postJoperative%length%of%
stay%in%consecutive%hospital%survivors%(days)%for%each%hospital.%Mean%–%black%centre%
line,%Median%–%red%centre%line,%upper%confidence%limit%–%dotted%upper%line,%1J,%2J%and%3J
sigma%limits%shown%in%green,%yellow%and%red%respectively.%
%
% %
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3.3%%%Mortality%outcomes%
The%overall%unadjusted%crude%30Rday%mortality%rate%decreased%from%14.0%%(95%%CI%
10.1%to%18.0,%n=42%of%299%patients)%in%the%baseline%interval%to%10·5%%(7.6%to%13.5O%n=45%
of%427)%following%implementation%of%the%care%bundle.%The%reduction%of%crude%mortality%
was%3.5%%but%was%not,%however,%statistically%significant%(95%%confidence%interval%–1.4%
to%8.4,%p%=%0.152).%
Overall%inRhospital%unadjusted%crude%mortality%rate%was%15.7%%in%the%baseline%period%
versus%11.0%%following%implementation%of%the%care%bundle.%The%reduction%of%inJhospital%
mortality%was%4.7%.%Again,%this%reduction%was%not%statistically%significant%(95%%CI%0.4%
to%9.8,%p=0.063).%
%
3.3.1% RiskIadjusted%mortality%
3.3.1.1% Observed% –% Expected% 30Iday% mortality% Cumulative% Sum% (CUSUM)%
Analysis%
Mortality% outcomes% were% adjusted% for% individual% patient’s% predicted% risk% of% 30Jday%
mortality.% Figure%3.5% shows%expected%–%observed%CUSUM%charts% for% each%hospital%
cumulative%score%for%consecutive%patients%before%(blue)%and%after%(red)%implementation%
of%ELPQuiC.%Each%patient%is%assigned%a%score%based%on%their%outcome%and%predicted%
risk%of%mortality.%Outcome%scores%are%+1%for%survival%and%J1%for%mortality,%these%were%
then%adjusted%for%the%predicted%chance%of%that%outcome.%For%example,%a%patient%with%a%
predicted%risk%of%mortality%of%95%%who%went%on%to%survive%was%assigned%an%adjusted%
score%of%+0.95.%A%patient%with%a%predicted%mortality%of%5%%who%went%on%the%die%was%
assigned% an% adjusted% score% of% J0.95.% The% scores% were% summated% for% consecutive%
patients%and%plotted%over%time.%The%rates%of%change%in%cumulative%observed:expected%
performance%%before%and%after%ELPQuiC%implementation%were%compared%using%a%linear%
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regression%model%(table3.5).%These%rates%of%increase%are%presented%as%‘lives%saved%per%
100% patients’% and% are% a% reflection% of% the% number% of% additional% patients% surviving% in%
comparison%to% the%risk%prediction%model.% % In% three%hospitals,% there%was%a%significant%
increase%in%lives%saved%per%100%patients%treated%after%introduction%of%the%ELPQuiC%care%
bundle%(Table%3.10).%When%the%patients%from%all%hospitals%were%pooled,%an%additional%
5.97%patients%per%100%treated%survived%beyond%30%days%after%emergency%laparotomy%
after% the% introduction% of% the% ELPQuiC% bundle% (p<% 0.001).% These% differences%
demonstrate% that% the% rate% of% outJperforming% the% predictive%model% (PPOSSUM)% has%
significantly%increased%after%implementation%of%ELPQuiC%when%compared%to%baseline%
performance,%i.e.%a%significant%improvement%in%riskJadjusted%mortality.%
%
Table%3.6.%Lives%saved%(before%30%days’%post%operation)%per%100%patients%before%and%
after% introduction% of% the% emergency% laparotomy% pathway% quality% improvement% care%
bundle.%Values%in%parentheses%are%95%per%cent%c.i.%ELPQuiC,%emergency%laparotomy%
pathway%quality%improvement%care.%*Linear%regression%model.%
%
Site%
Lives%saved%per%100%patients%
P*%
Before%ELPQuiC% After%ELPQuiC% Difference%
1% 6.48%(4.64,%8.32)% 11.96%(11.37,%12.55)% 5.48%(3.55,%7.42)% <%0.001%
2% 6.76%(6.37,%7.14)% 15.68%(15.29,%16.06)% 8.92%(8.37,%9.47)% <%0.001%
3% 7.95%(5.66,%10.25)% 9.96%(9.26,%10.67)% 2.01%(–0.40,%4.42)% 0.101%
4% 4.34%(2.90,%5.78)% 8.77%(7.78,%9.76)% 4.43%(2.68,%6.19)% <%0.001%
% % % % %
All%patients% 6.47%(5.79,%7.15)% 12.44%(12.14,%12.75)% 5.97%(5.23,%6.72)% <0.001%
%
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%
Figure%3.10.%Observed!to!expected!30Rday!mortality!Cumulative%Sum%analysis%before%
(blue)%and%after%(red)% implementation%of% the%emergency% laparotomy%pathway%quality%
improvement%care%(ELPQuiC)%bundle.%
%
% %
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%
3.3.1.2% Observed%–%Expected% inIhospital%mortality%Cumulative%Sum%(CUSUM)%
Analysis%
An%analysis%was%carried%out%using%inJhospital%mortality%as%the%outcome%(figure%3.11%and%
table%3.7).%When%the%patients%from%all%hospitals%were%pooled,%an%additional%8.11%(95%%%
CI% 7.42% to% 8.81)% patients% per% 100% treated% survived% to% hospital% discharge% after%
introduction%of%the%ELPQuiC%bundle%(P%<%0.001,%linear%regression%model).%%
%
Table%3.7.%CUSUM%analysis%J%Lives%saved%(before%hospital%discharge)%per%100%patients%
before% and% after% introduction% of% the% emergency% laparotomy% pathway% quality%
improvement%care%bundle.%Values% in%parentheses%are%95%%CI%ELPQuiC,%emergency%
laparotomy%pathway%quality%improvement%care.%*Linear%regression%model.%
%
Site%
Lives%saved%per%100%patients%
P*%
Before%ELPQuiC% After%ELPQuiC% Difference%
1% 3.95%(2.23,%5.66)% 11.67%(11.12,%12.21)% 7.72%(5.92,%9.52)% <%0.001%
2% 5.75%(5.39,%6.11)% 15.44%(15.08,%15.80)% 9.68%(9.17,%10.20)% <%0.001%
3% 2.67%(0.53,%4.81)% 9.96%(9.31,%10.62)% 7.3%(5.05,%9.54)% <%0.001%
4% 1.85%(0.50,%3.19)% 7.97%(7.04,%8.89)% 6.12%(4.48,7.75)% <%0.001%
% % % % %
All%patients% 4.02%(3.39,%4.65)% 12.13%(11.85,%12.42)% 8.11%(7.42,%8.81)% <%0.001%
%
% %
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%
Figure% 3.11.%Observed! to! expected! inRhospital! mortality! Cumulative% sum% analysis%
before%(blue)%and%after% (red)% implementation%of% the%emergency% laparotomy%pathway%
quality%improvement%care%(ELPQuiC)%bundle.%
%
% %
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3.3.1.3% Risk%of%30Iday%mortality%
The%PJPOSSUMJadjusted%risk%of%death%at%30%days%is%shown%in%figure%3.12%and%table%
3.8.%%The%pooled%adjusted%risk%of%30Jday%mortality%decreased%from%15.6%(95%%CI%12.4%
to%18.9)%to%9.6%(7.4%to%11.8)%per%cent%(p=0.003,%logistic%regression%model).%The%number%
of%patients%who%need% to%be% treated%using% the%ELPQuiC%bundle% in%order% to%save%an%
additional% life%was%16.7.%The%pooled% risk% ratio%was%0.614% (95%%CI.% 0.451% to%0.836O%
p=0.002).%%
%
Table%3.8.%Risk%of%30Jday%mortality%before%and%after% introduction%of% the%emergency%
laparotomy%pathway%quality%improvement%care%bundle.%Values%in%parentheses%are%95%%
CI.%%*Logistic%regression%modelO%†P%value%for%loge%of%the%risk%ratio%(logistic%regression%
model).%
%
Site%
Risk%of%death%
Risk%difference% P*! Risk%ratio% P†%
Before%
ELPQuiC%
After%
ELPQuiC%
1%
0.192%
(0.110,%
0.274)%
0.114%
(0.070,%
0.159)%
–0.078%
(–0.171,%0.015)%
0.101%
0.595%
(0.334,%1.059)%
0.078%
2%
0.181%
(0.131,%
0.231)%
0.100%
(0.063,%
0.136)%
–0.081%
(–0.143,%–0.020)%
0.010%
0.550%
(0.348,%0.869)%
0.010%
3%
0.113%
(0.042,%
0.184)%
0.081%
(0.034,%
0.128)%
–0.032%
(–0.117,%0.053)%
0.462%
0.716%
(0.304,%0.169)%
0.445%
4%
0.108%
(0.046,%
0.170)%
0.083%
(0.030,%
0.136)%
–0.025%
(–0.106,%0.056)%
0.542%
0.766%
(0.326,%1.803)%
0.542%
All%
Patients%
0.156%
(0.124,%
0.189)%
0.096%
(0.074,%
0.118)%
–0.06%
(–0.100,%–0.021)%
0.003%
0.614%
(0.451,%0.836)%
0.002%
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%
%
Figure%3.12.%Risk%of%30Jday%morality%before%(blue)%and%after%(red)% implementation%of%
the% emergency% laparotomy% pathway% quality% improvement% care% (ELPQuiC)% bundle.%
Error%bars%represent%95%%CI.%*logistic%regression%model%of%risk%difference.%
%
%
% %
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3.3.1.4% Risk%of%inIhospital%mortality%
The%PPOSSUM%adjusted%risk%of%death%in%hospital%is%shown%in%figure%3.13%and%table%
3.9.%The%pooled%adjusted%risk%of%hospital%mortality%decreased%from%17.4%%(95%%CI%
14.1%to%20.8)%to%10.1%(7.8%to%12.4)%(P<0.001,%logistic%regression%model).%%
%
%
Figure%3.13.%Risk%of%inJhospital%morality%before%(blue)%and%after%(red)%implementation%
of%the%emergency%laparotomy%pathway%quality%improvement%care%(ELPQuiC)%bundle.%
Error%bars%represent%95%per%cent%CI,%*logistic%regression%model%of%risk%difference.%
%
%
%
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Table%3.9.%Risk%of%inJhospital%mortality%before%and%after%introduction%of%the%emergency%
laparotomy%pathway%quality%improvement%care%bundle.%Values%in%parentheses%are%95%%
CI.% ELPQuiC,% emergency% laparotomy% pathway% quality% improvement% care.% *Logistic%
regression%modelO%†P%value%of%loge%of%risk%ratio%(logistic%regression%model).%
%
Site%
Risk%of%death%
Risk%difference% P*! Risk%ratio% P†%Before%
ELPQuiC%
After%
ELPQuiC%
1%
0.212%
(0.128,%
0.296)%
0.114%
(0.070,%
0.159)%
–0.098%
(–0.193,%%%%%%%%%
–0.003)%
0.043%
0.537%
(0.308,%
0.937)%
0.029%
2%
0.188%
(0.138,%
0.239)%
0.106%
(0.068,%
0.143)%
–0.083%
(–0.145,%%%%%%%%%
–0.020)%
0.009%
0.56%
(0.360,%
0.872)%
0.010%
3%
0.151%
(0.073,%
0.230)%
0.081%
(0.034,%
0.128)%
–0.071%
(–0.162,%
0.021)%
0.131%
0.534%
(0.246,%
1.162)%
0.114%
4%
0.124%
(0.058,%
0.189)%
0.097%
(0.041,%
0.153)%
–0.027%
(–0.113,%
0.060)%
0.542%
0.783%
(0.357,%
1.717)%
0.542%
All%
0.174%
(0.141,%
0.208)%
0.101%
(0.078,%
0.124)%
–0.073%
(–0.114,%%%%%%%%%
–0.033)%
<%0.001%
0.580%
(0.432,%
0.778)%
<%0.001%
%
%
%
3.3.2% KaplanIMeier%Survival%analysis%
KaplanJMeier%survival%30Jday%survival%curves%are%shown% in%Figure%3.14.%Survival%of%
patients% prior% to% introduction% of% the% ELPQuiC% bundle% are% shown% in% blue% and% after%
introduction% of% the% ELPQuiC% bundle% are% shown% in% red.% As% with% the% analysis% of%
unadjusted% crude% mortality% there% was% no% statistically% significant% difference% in%
unadjusted% survival% at% 30% days% when% compared% using% LogJrank% (MantelJCox)% test%
(p=0.247,%hazard%ratio%1.281,%95%%CI%of%hazard%ratio%0.8406%to%1.969).%
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%
Figure%3.14.%KaplanJMeier%30Jday%survival%curve%for%patients%before%(blue)%and%after%
(red)%implementation%of%ELPQuiC.%Differences%are%not%statistically%significant%(logJ
rank%(MantelJCox)%testO%p=0.247,%hazard%ratio%1.281,%95%%CI%of%hazard%ratio%0.8406%
to%1.969).%
%
3.3.3% ASA%and%mortality%
Figure%3.15%shows%the%increase%in%mortality%rate%of%patients%with%increasing%ASA%
grade%before%(blue)%and%after%(red)%implementation%of%the%ELPQuiC%bundle.%%
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%
Figure%3.15.%Mortality%in%ASA%categories%pre%(blue)%and%post%(red)%implementation%of%
the%ELPQuiC%bundle.%
%
%
3.3.4% Age%and%mortality%
Mortality%per%age%decile%is%shown%in%figure%3.16%for%all%patients%before%(blue%and%after%
(red)%introduction%of%the%ELPQuiC%bundle.%Mortality%increases%with%age,%differences%in%
ageJrelated%mortality%after%implementation%were%more%marked%in%patients%aged%80%and%
over.%
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%
Figure%3.16.%30Jday%mortality%in%age%group%deciles%pre%(blue)%and%post%(red)%ELPQuiC%
implementation.%
%
%
%
3.3.5% Incidence,%median%predicted%mortality%and%observed%30Iday%mortality%for%
each%participating%hospital%
The% incidence,% predicted% PPOSSUM% mortality% and% observed% 30Jday% mortality% per%
month% are% shown% in% figures% 3.17,% 3.18,% 3.19% and% 3.20.% Incidence,% mortality% and%
predicted% mortality% varied% considerably% over% time,% demonstrating% the% potential%
limitations%of%short%data%collection%time%periods%and%the%importance%of%longerJterm%data%
collection.%%
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%
Figure%3.17.% Site% 1% J% Incidence,% median% predicted% mortality% and% observed% 30Jday%
mortality.%
%
%
Figure% 3.18.% Site% 2% J% Incidence,% median% predicted% mortality% and% observed% 30Jday%
mortality.%
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%
Figure% 3.19.% Site% 3% J% Incidence,% median% predicted% mortality% and% observed% 30Jday%
mortality.%
%
%
Figure% 3.20.%Site% 4% J% Incidence,% median% predicted% mortality% and% observed% 30Jday%
mortality.%
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3.4%%Morbidity%
3.4%.1% PostIoperative%Morbidity%Survey%(POMS)%
PostJoperative%Morbidity%Survey%data%was%collected%on%postJoperative%dayJ3%or%dayJ7.%
Data%are%presented%as%the%proportion%of%patients%suffering%a%complication%out%of%those%
alive%on%day%three%or%seven.%
%
3.4.1.1% PostIoperative%dayI3%
Table%3.10%and% figure%3.21%show%complications%on%postJoperative%dayJ3.%All%pooled%
available%data%were%analysed%using%Fisher’s%Exact%Test.%The%incidence%of%infectious%
complications% was% significantly% more% after% implementation% of% the% ELPQuiC% bundle%
(36.8%%versus%65.8%,%p<0.0001).%The%differences%in%infective%complication%rates%may%
be%due%to%more%patients%remaining%on%antibiotics%for%longer%after%surgery%than%in%the%
baseline%period,%or%may%reflect%differences%in%data%collection%methods%(retrospective%
baseline%data,%prospective%after%implementation),%or%may%reflect%the%large%proportion%of%
missing%data% in% the%baseline%group.%The% increased% infection% complication% rate% is% in%
contrast% to%the% incidence%of%wound%complications%which%were%significantly% less%after%
ELPQuiC%implementation%(7.6%%versus%2.8%,%p=0.0239),%which%may%again%be%due%to%
patients% remaining% on% treatment% for% longer% after% implementation.% The% rate% of% pain%
complications% was% significantly% more% after% implementation% (25.7%% versus% 45.4%,%
p<0.0001).%This%could%signify%that%more%patients%had%greater%or%more%frequent%pain,%
however% this% is%more% likely%due% to%better% analgesia% for% longer% (thereby% fulfilling% the%
POMS% criteria)% after% implementation.% Again,% however,% interpretation% is% hindered% by%
missing%data,%differences% in%data%collection%methodology%and% the%analysis%does%not%
account%for%risk%of%morbidity.%There%were%no%significant%differences%in%the%rates%of%all%
other%complications.%
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3.4.1.2% PostIoperative%dayI7%
Table%3.11%and% figure%3.22%show%complications%on%postJoperative%dayJ7.%All%pooled%
available%data%were%analysed%using%Fisher’s%Exact%Test.%Again,%the%rate%of% infection%
was% significantly% more% after% implementation% (36.8%% versus% 65.8%,% p<0.0001).% As%
above,%this%may%be%due%to%longer%duration%of%treatment%(thereby%fulfilling%POMS%defined%
infection%criteria).%However,%interpretation%is%hindered%by%missing%data,%differences%in%
data%collection%methodology%and%analysis%does%not%account%for%risk%of%morbidity.%There%
were%no%significant%differences%in%any%other%complication%rates.
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Table&3.10&Post%Operative-Morbidity-Survey-(POMS)-complications-on-day%3.-Values'in'parentheses'are'per'cent'of'available'data.-
- Site&1& Site%2% Site%3% Site%4% All%patients%
Day03&&
POMS&
complications-
Pre-
ELPQuiC-
Post-
ELPQuiC-
Pre-
ELPQuiC-
Post-
ELPQuiC-
Pre-
ELPQuiC-
Post-
ELPQuiC-
Pre-
ELPQuiC-
Post-
ELPQuiC-
Pre-
ELPQuiC-
Post-
ELPQuiC-
P-(Fishers-
exact)-
51- 109- 9- 144- 44- 97- 40- 77- 144- 427- -
Pulmonary- 13-(25.5)- 18-(16.5)- 0-(0)- 18-(12.5)- 23-(52.3)- 38-(39.2)- 10-(25.0)- 32-(41.6)- 46-(31.9)- 106-(24.8)- 0.1024-
Infection- 13-(25.5)- 65-(59.6)- 0-(0)- 106-(73.6)- 28-(63.6)- 63-(64.9)- 12-(30.0)- 47-(61.0)- 53-(36.8)- 281-(65.8)- <&0.0001&
Renal- 6-(11.8)- 5-(4.6)- 0-(0)- 17-(11.8)- 9-(20.5)- 10-(10.3)- 12-(30.0)- 42-(54.5)- 27-(18.8)- 74-(17.3)- 0.7057-
Gastro%intestinal- 20-(39.2)- 45-(41.3)- 0-(0)- 54-(37.5)- 22-(50.0)- 45-(46.4)- 17-(42.5)- 40-(51.9)- 59-(41.0)- 184-(43.1)- 0.6971-
Cardiovascular- 17-(33.3)- 12-(11.0)- 0-(0)- 33-(22.9)- 5-(11.4)- 12-(12.4)- 7-(17.5)- 14-(18.2)- 29-(20.1)- 71-(16.6)- 0.3748-
Neurological- 4-(7.8)- 13-(11.9)- 0-(0)- 18-(12.5)- 7-(15.9)- 12-(12.4)- 1-(2.5)- 4-(5.2)- 12-(8.3)- 47-(11.0)- 0.4301-
Wound- 4-(7.8)- 5-(4.6)- 0-(0)- 3-(2.1)- 5-(11.4)- 4-(4.1)- 2-(5.0)- 0-(0)- 11-(7.6)- 12-(2.8)- 0.0239&
Haematological- 4-(7.8)- 7-(6.4)- 0-(0)- 26-(18.1)- 4-(9.1)- 3-(3.1)- 1-(2.5)- 0-(0)- 9-(6.3)- 36-(8.4)- 0.4770-
Pain- 7-(13.7)- 5-(4.6)- 0-(0)- 105-(72.9)- 12-(27.3)- 53-(54.6)- 18-(45)- 31-(40.3)- 37-(25.7)- 194-(45.4)- <&0.0001&
Died-before-D3- 2-(3.9)- 5-(4.6)- 9-(6.3)- 6-(4.2)- 1-(2.3)- 3-(3.1)- 1-(2.5)- 3-(3.9)- 4-(2.8)- 17-(4.0)- 0.6162-
Unavailable-data- 0- 0- 135- 0- 0- 0- 20- 0- 155- 0- -
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!
Figure!3.21.!Incidence'of'post-operative'complications'on'post-operative'day-3'(in'per'
cent'as'a'proportion'of'available'data).'
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Table&3.11&Post%Operative-Morbidity-Survey-(POMS)-complications-on-day%7.-Values'in'parentheses'are'per'cent'of'available'data.&
- Site&1& Site%2% Site%3% Site%4% All%patients%
Day/7&
POMS&
complications-
Pre-
ELPQuiC-
Post-
ELPQuiC-
Pre-
ELPQuiC-
Post-
ELPQuiC-
Pre-
ELPQuiC-
Post-
ELPQuiC-
Pre-
ELPQuiC-
Post-
ELPQuiC-
Pre-
ELPQuiC-
Post-
ELPQuiC-
P-(Fishers-
exact)-
51- 109- 12- 144- 44- 97- 43- 77- 150- 427- -
Pulmonary- 10-(19.6)- 9-(8.3)- 0-(0)- 15-(10.4)- 7-(15.9)- 18-(18.6)- 5-(11.6)- 11-(14.3)-
22-
(14.7)- 53-(12.4)- 0.4824-
Infection- 11-(21.6)- 34-(31.2)- 0-(0)- 71-(49.3)- 19-(43.2)- 30-(30.9)- 9-(20.9)- 25-(32.5)- 39-(26.0)- 160-(37.5)- 0.0124&
Renal- 4--(7.8)-
6-
(5.5)- 0-(0)-
8--
(5.6)-
4-
-(9.1)- 13-(13.4)-
5-
(11.6)-
18-
(23.4)-
13-
(8.7)-
45-
(10.5)- 0.6360-
Gastro%intestinal- 11-(22.0)- 24-(22.0)- 0-(0)- 31--(21.5)- 17-(38.6)- 21-(21.6)-
7-
(16.3)-
16-
(20.8)-
35-
(23.3)- 92-(21.5)- 0.6482-
Cardiovascular- 10-(19.6)- 7-(6.4)- 0-(0)- 16-(11.1)-
3--
(6.8)-
4-
(4.1)-
2-
(4.7)-
3-
(3.9)-
15-
(10.0)-
30--
(7.0)- 0.2874-
Neurological- 4--(7.8)-
10-
(9.2)- 0-(0)-
8--
(5.6)-
4-
(9.1)--
6-
(6.2)- 0-(0)- 0-(0)-
8-
(5.3)-
24--
(5.6)- 1.0000-
Wound- 1--(2.0)-
5-
(4.6)- 0-(0)-
16-
(11.1)-
7-
(15.9)-
9-
(9.3)-
3-
(7.0)-
2--
(2.6)-
11-
(7.3)-
32--
(7.5)- 1.0000&
Haematological- 2--(3.9)-
2-
(1.8)- 0-(0)-
26-
(18.1)-
3-
(6.8)-
2-
(2.1)- 0-(0)-
1-
(1.3)-
5-
(3.3)-
22--
(5.2)- 0.5008-
Pain- 3--(5.9)-
4-
(3.7)- 0-(0)-
26-
(18.1)-
7-
(15.9)-
8--
(8.2)-
1--
(2.3)-
4-
(5.2)-
11-
(7.3)-
42--
(9.8)- 0.4144&
Died-before-D3- 2--(3.9)-
7--
(6.4)-
12-
(8.3)-
13--
(9.0)-
2--
(4.5)-
5-
(5.2)-
6--
(14.0)-
5--
(6.5)-
10--
(6.7)-
30--
(7.0)- 1.0000-
Unavailable-data- 0- 0- 132- 0- 0- 0- 17- 0- 149- 0- -
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!
Figure!3.22.!Incidence'of'post-operative'complications'on'post-operative'day'7'(in'per'
cent'as'a'proportion'of'available'data).'
'
'
3.4.2! Clavien1Dindo!grade!for!complications!
POMS' defined' complications' were' graded' according' to' the' Clavien-Dindo'
complication'severity'grading'system'(Dindo'et'al.'2004).'This'data'was'collected'for'
cases'after'the'introduction'of'the'ELPQuiC'bundle'only,'there'is'therefore'no'baseline'
data'for'comparison.'The'grading'of'complications'allows'identification'of'the'incidence'
of'more'serious'complications.'Grade'III'complications'are'defined'as'those'requiring'
surgical,'endoscopic'or'radiological'intervention,'grade'IV'complications'are'defined'
as' those' which' are' life' threatening/result' in' organ' failure,' and' grade' V' is' death.'
Detailed'definitions'and'examples'can'be'found'in'Appendix'9.'For'analysis,'serious'
complications'were'defined'as'those'scoring'III,'IV'or'V'before'day'3'or'day'7.'
! !
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3.4.2.1! Day13!complications:!Clavien1Dindo!grades!3,!4!or!5!prior!to!day13.!
Table'3.12'and'figure'3.23'show'the'incidence'of'serious'complications'within'the'first'
3'days'after'emergency'laparotomy.'Clavien-Dindo'data'was'only'available'for'patients'
after'implementation'of'ELPQuiC'bundle'therefore'comparison'cannot'be'made'with'
baseline'data.'
!
Table!3.12'Day-3'Clavien-Dindo'complications'grades'3,'4,'5.'Data'are'presented'for'
the'post-implementation'period'only.'Values'in'parentheses'are'percentages'of'total'
number'of'cases.'
Day13! Site!1! Site!2! Site!3! Site!4! All!patients!
n! 109' 144' 97' 77' 427'
Pulmonary! 14'(12.8)' 16'(11.1)' 10'(10.3)' 11'(14.2)' 51'(11.9)'
Infection! 4'(3.7)' 0'(0)' 5'(5.2)' 0'(0)' 9'(2.1)'
Renal! 5'(4.6)' 3'(2.1)' 6'(6.2)' 1'(1.3)' 15'(3.5)'
Gastrointestinal! 0'(0)'' 0'(0)' 15'(15.5)' 0'(0)' 15'(3.5)'
Cardiovascular! 8'(7.3)' 5'(3.5)' 3'(3.1)' 9'(11.7)' 25'(5.9)'
Neurological! 1'(0.9)' 1'(0.7)' 5'(5.2)' 0'(0)' 7'(1.7)'
Wound! 4'(3.7)' 0'(0)' 2'(2.1)' 0'(0)' 6'(1.4)'
Haematological! 3'(2.8)' 0'(0)' 0'(0)' 0'(0)' 3'(0.7)'
Pain! 1'(0.9)' 0'(0)' 0'(0)' 0'(0)' 1'(0.2)'
! ' ' ' ' '
Died!before!
day13! 5'(4.6)' 6'(4.2)' 3'(3.1)' 3'(3.1)' 17'(4.0)'
Discharged!
before!day13! 3'(2.8)' 3'(2.1)' 0'(0)' 1'(1.3)' 7'(1.6)'
'
! !
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!
!
Figure!3.23.!Incidence'of'severe'complications'on'post-operative'day-3'as'defined'by'
Clavien-DIndo'grade'of' 3,' 4'or'5'and/or'death'on'or'prior' to'post-operative'day-3.'
Clavien-DIndo' grading' of' the' severity' of' complications' only' available' for' post-
ELPQuiC'patients.'
! !
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3.4.2.2! Day17!complications:!Clavien1Dindo!grades!3,!4!or!5!and!or!death!
prior!to!day17.!
Table'3.13'and'figure'3.24'show'the'incidence'of'serious'complications'within'the'first'
7'days'after'emergency'laparotomy.'Clavien-Dindo'data'was'only'available'for'patients'
after'implementation'of'ELPQuiC'bundle'therefore'comparison'cannot'be'made'with'
baseline'data.'
!
Table!3.13'Day'three'Clavien-Dindo'complications'grades'3,'4,'5.'Data'is'presented'
for' the'post-implementation'period'only.'Values' in'parentheses'are'percentages'of'
total'number'of'cases!
Day17! Site!1! Site!2! Site!3! Site!4! All!patients!
n! 109' 144' 97' 77' 427'
Pulmonary! 8'(7.3)' 10'(6.9)' 4'(4.1)' 4'(5.1)'' 26'(6.1)'
Infection! 0'(0)' 0'(0)' 6'(6.2)' 0'(0)' 6'(1.4)'
Renal! 4'(3.7)' 1'(0.7)' 7'(7.2)' 0'(0)' 12'(2.8)'
Gastrointestinal! 3'(2.8)' 0'(0)' 7'(7.2)' 0'(0)' 10'(2.3)'
Cardiovascular! 2'(1.8)' 2'(1.4)' 2'(2.1))' 2'(2.6)' 8'(1.9)'
Neurological! 3'(2.8)' 1'(0.7)' 4'(4.1)' 0'(0)' 8'(1.9)'
Wound! 3'(2.8)' 0'(0)' 3'(3.1)' 0'(0)' 6'(1.4)'
Haematological! 1'(0.9)' 0'(0)' 2'(2.1)' 0'(0)' 3'(0.7)'
Pain! 0'(0)' 0'(0)' 0'(0)' 0'(0)' 0'(0)'
! ' ' ' ' '
Died!before!
day17! 7'(6.4)' 13'(9.0)' 5'(5.2)' 5'(6.5)' 30'(7.0)'
Discharged!
before!day17! 24'(22)' 32'(22.2)' 19'(19.6)' 22'(28.6)' 97'(22.7)'
'
.'
' '
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!
Figure!3.24.!Incidence'of'severe'complications'on'post-operative'day-3'as'defined'by'
Clavien-DIndo'grade'of'3,'4'or'5'on'or'prior'to'post-operative'day-3.'Clavien-DIndo'
grading'of'the'severity'of'complications'only'available'for'post-ELPQuiC'patients.'
'
!
3.5! Compliance!to!care!bundle!elements!and!mortality!
3.5.1! Compliance!to!five1point!care!bundle!
Table'3.14'and'figure'3.25'show'the'number'of'compliant'care'bundle'elements'per'
patient'out'of'a'possible' five' (early'warning'score' (EWS),'pre-operative'antibiotics,'
decision-to-theatre'in'less'than'6'hours,'goal'directed'fluid'therapy'and'intensive'care).'
Mortality'and'mean'predicted'mortality'are'also'shown'for'each'group.'Not'all'patients'
had'data'for'every'bundle'element,'the'analysis'below'includes'all'cases'and'assumes'
non-compliance'if'data'was'missing.''
Overall,'110'patients'(25.8%)'received'care'that'was'that'was'compliant'with'all'five'
elements' after' implementation' of' ELPQuiC' (versus' 6' patients' (2%)' prior' to'
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implementation,' p<0.0001,' Fishers' exact' test).' However,' this' does' not' take' into'
account'the'missing'data'(detailed'in'table'3.15).'If'missing'data'are'excluded,'110'
patients' out' of' 399' (27.6%)' received' care' that' was' compliant' with' all' five' bundle'
elements'after'ELPQuiC'implementation'compared'to'6'out'of'89'patients'(6.7%)'prior'
to'implementation'(p<0.0001,'Fishers'exact'test).'Mortality'appears'to'be'greater' in'
patients'who'have'more'compliant'care'bundle'elements.'This'trend'is'mirrored'by'the'
average' predicted'mortality.' It' therefore' appears' that' patients'who' have' a' greater'
predicted'mortality' (and' subsequent'mortality)' are'more' likely' to' receive' compliant'
care' due' to' appropriate' clinician' responses' to' higher' risk' cases.' Figure' 3.20'
demonstrates' that' more' patients' received' a' greater' number' of' compliant' care'
elements'after'implementation'of'the'care'bundle.'
'
(
Figure!3.25.!Number'of'compliant'elements'(out'of' five'possible'–'see'text)'before'
and'after'implementation'of'the'ELPQuiC'bundle.!
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Table&3.14&Number'of'compliant'ELPQuiC'elements'per'patient,'mortality'and'predicted'mortality.'
Number'of'compliant'elements'per'
patient'
Site'1' Site'2' Site'3' Site'4' All'patients'
Pre'
ELPQuiC'
(n'='51)'
Post'
ELPQuiC'
(n'='109)'
Pre'
ELPQuiC'
(n'='144)'
Post'
ELPQuiC'
(n'='144)'
Pre'
ELPQuiC'
(n'='44)'
Post'
ELPQuiC'
(n'='97)'
Pre'
ELPQuiC'
(n'='60)'
Post'
ELPQuiC'
(n'='77)'
Pre'
ELPQuiC'
(n'='299)'
Post'
ELPQuiC'
(n'='427)'
5'compliant'
elements'
N'(%)' 4'(8.0)' 30'(27.5)' 0'(0)' 23'(16.0)' 2'(4.5)' 36'(37.1)' 0'(0)' 21'(27.2)' 6'(2.0)' 110'(25.8)'
RIP'd'30'(%)' 2'(50)' 5'(16.7)' L' 5'(21.7)' 0'(0)' 5'(13.9)' L' 3'(14.3)' 2'(33.3)' 18'(16.4)'
Mean'(SD)'PPOSSUM' 13.5'(3.43)' 34.5'(33.7)' L'(L)' 34.4'(35.3)' 15.3'(1.4)' 22.6'(26.4)' L'(L)' 20.6'(25.4)' 14.2'(2.9)' 27.9'(30.6)'
4'compliant'
elements'
N'(%)' 4'(8.0)' 43' 2'(1.4)' 44'(30.6)' 13'(29.5)' 32'(33.0)' 2'(3.3)' 27'(25.1)' 21'(7.0)' 146'(34.2)'
RIP'd'30'(%)' 2'(50)' 5'(11.6)' 1'(50)' 8'(18.2)' 3'(23.1)' 3'(9.4)' 0'(0)' 2'(7.4)' 6'(28.6)' 18'(12.3)'
Mean'(SD)'PPOSSUM' 48.8'(49.9)' 21.5'(28.2)' 14.4'(3.0)' 35.5'(32.6)' 36.1'(20.4)' 20.0'(24.0)' 32.6'(27.1)' 19.6'(24.7)' 36.1'(27.2)' 25.1'(28.8)'
3'compliant'
elements'
N'(%)' 16'(32)' 28'(25.7)' 17'(11.8)' 41'(28.5)' 12'(27.2)' 1717.5)' 8'(13.3)' 19'(24.7)' 53'(17.7)' 105'(24.6)'
RIP'd'30'(%)' 3'(18.8)' 3'(10.7)' 5'(29.4)' 2'(4.9)' 0'(0)' 0'(0)' 2'(25)' 1'(5.3)' 10'(18.9)' 6'(5.7)'
Mean'(SD)'PPOSSUM' 31.7'(24.5)' 23.8'(29.6)' 32.8'(24.9)' 20.1'(25.1)' 18.1'(24.2)' 14.5'(24.6)' 27.1'(28.0)' 10.6'(12.3)' 28.3'(25.0)' 18.5'(24.7)'
2'compliant'
elements'
N'(%)' 20'(40)' 5'(2.8)' 39'(27.1)' 17'(11.8)' 13'(29.5)' 8'(8.2)' 12'(20.0' 7'(9.1)' 84'(28.1)' 37'(8.7)'
RIP'd'30'(%)' 2'(10)' 0'(0)' 8'(20.5)' 2'(11.8)' 1'(7.7)' 0'(0)' 1'(8.3)' 0'(0)' 12'(14.3)' 2'(5.4)'
Mean'(SD)'PPOSSUM' 13.3'(22.5)' 20.7'(16.5)' 27.5'(27.8)' 24.6'(34.0)' 10.6'(11.1)' 3.1'(4.9)' 6.6'(8.2)' 5.8'(5.3)' 18.5'(23.9)' 15.8'(25.4)'
1'compliant'
element'
N'(%)' 5'(10.0)' 3'(2.8)' 51'(35.4)' 19'(13.2)' 4'(9.1)' 4'(4.1)' 32'(53.3)' 3'(3.9)' 92'(30.8)' 29'(6.8)'
RIP'd'30'(%)' 0'(0)' 0'(0)' 6'(11.8)' 1'(5.3)' 1'(25))' 0'(0)' 4'(8.3)' 0'(0)' 11'(12)' 1'(3.4)'
Mean'(SD)'PPOSSUM' 22.4'(42.0)' 2.5'(1.8)' 16.5'(21.4)' 12.8'(20.3)' 6.3'(6.5)' 2.6'(3.5)' 20.3'(26.7)' 17.7'(24.1)' 9.6'(17.1)' 22.4'(42.0)'
No'compliant'
elements'
N'(%)' 2'(4.0)' 0'(0)' 35'(24.3)' 0'(0)' 0'(0)' 0'(0)' 6'(10.0)' 0'(0)' 43'(14.4)' 0'(0)'
RIP'd'30'(%)' 0'(0)' 0'(0)' 1'(2.9)' L' L' L' 0'(0)' L' 1'(2.3)' L'
Mean'(SD)'PPOSSUM' 9.1'(8.3)' L'(L)' 8.1'(13.2)' L'(L)' L'(L)' L'(L)' 10.3'(14.1)' L'(L)' 8.5'(12.9)' L'(L)'
Cases'with'missing'data' 24'(47.1)' 8'(7.3)' 144'(100)' 12'(8.3)' 9'(20.5)' 8'(8.2)' 33'(55)' 0'(0)' 210'(70.2)' 28'(6.6)'
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3.5.2% Compliance%to%72point%care%bundle%and%mortality%
Additional)important)compliance)elements)are)the)presence)of)consultant)anaesthetist)
and)surgeon)in)theatre)at)the)time)of)anaesthetic)and/or)surgery.)Table)3.15)and)figure)
3.26) show) compliance) to) the) five) bundle) elements) (EWS) on) presentation,) preE
operative) antibiotics,) decisionEtoEtheatre) <6) hours,) intraEoperative)GDFT) and) postE
operative)ITU))plus)compliance)to)the)consultant)anaesthetist)and)surgeon)present)in)
theatre)per)patient,)i.e.)compliance)out)of)seven)elements)in)total.)Mortality)and)mean)
(SD))predicted)mortality)are)shown)for)each)group.)Not)all)patients)had)data)for)every)
bundle)element,)the)analysis)below)includes)all)cases)and)assumes)nonEcompliance)
if)data)was)missing.%
Overall,)88)patients)(20.6%))received)care)that)was)that)was)compliant)with)all)seven)
elements) after) implementation) of) ELPQuiC) (versus) 2) patients) (0.7%)) prior) to)
implementation,) p<0.0001,) Fishers) exact) test).) However,) this) does) not) take) into)
account) the)missing)data) (detailed) in) table)3.15).) If)missing)data)are)excluded,)88)
patients) out) of) 399) (22.1%)) received) care) that) was) compliant) with) all) five) bundle)
elements)after)ELPQuiC)implementation)compared)to)2)out)of)89)patients)(2.2%))prior)
to)implementation)(p<0.0001,)Fishers)exact)test).)Again,)predicted)and)actual)mortality)
appear) to) be) greater) in) patients)who) have)more) compliant) care) bundle) elements.)
Again,) suggesting) that) patients) who) have) a) greater) predicted) mortality) (and)
subsequent)mortality)) are)more) likely) to) receive) compliant) care)due) to)appropriate)
clinician) responses) to) higher) risk) cases.) Figures) 3.20) and) 3.21) demonstrates) that)
more) patients) received) a) greater) number) of) compliant) care) elements) after)
implementation)of) the)care)bundle)both)with) (figure)3.21))and)without) (figure)3.20))
including)consultant)involvement.)
)
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%
%
Figure%3.26.%Compliance)to)7Epoint)careEbundle)(five)ELPQuiC)bundle)elements)plus)
presence) of) consultant) anaesthetist) and) presence) of) consultant) surgeon) during)
surgery).%
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Table&3.15&Compliance+to+7.point+care+bundle,+observed+and+predicted+mortality&
 
Number'of'compliant'elements'per'
patient'
Site'1+ Site'2+ Site'3+ Site'4+ All+patients+
Pre+ELPQuiC+
(n+=+51)+
Post+ELPQuiC+
(n+=+109)+
Pre+ELPQuiC+
(n+=+144)+
Post+ELPQuiC+
(n+=+144)+
Pre+ELPQuiC+
(n+=+44)+
Post+ELPQuiC+
(n+=+97)+
Pre+ELPQuiC+
(n+=+60)+
Post+ELPQuiC+
(n+=+77)+
Pre+ELPQuiC+
(n+=+299)+
Post+ELPQuiC+
(n+=+427)+
7'compliant'
elements+
N+(%)+ 0+(0)+ 25+(22.9)+ 0+(0)+ 14+(9.7)+ 2+(4.5)+ 36+(37.1)+ 0+(0)+ 13+(16.9)+ 2+(0.7)+ 88+(20.6)+
RIP+d+30+(%)+ 0+(0)+ 5+(20)+ 0+(0)+ 3+(21.4)+ 0+(0)+ 5+(13.9)+ 0+(0)+ 3+(23.1)+ 0+(0)+ 16+(18.2)+
Mean+(SD)+PPOSSUM+ .+(.)+ 37+(31.6)+ .+(.)+ 35.6+(35.7)+ 15.3+(1)+ 22.6+(26)+ .+(.)+ 16.8+(18.1)+ 15.3+(1)+ 27.9+(29.6)+
6'compliant'
elements+
N+(%)+ 3+(5.9)+ 41+(37.6)+ 1+(6.9)+ 18+(0.125)+ 8+(18.2)+ 29+(29.9)+ 1+(1.6)+ 27+(35.1)+ 13+(4.3)+ 115+(26.9)+
RIP+d+30+(%)+ 2+(66.7)+ 4+(9.8)+ 1+(100)+ 6+(33.3)+ 1+(12.5)+ 3+(10.3)+ 0+(0)+ 2+(7.4)+ 4+(30.8)+ 15+(13.0)+
Mean+(SD)+PPOSSUM+ 65.4+(37.6)+ 19.1+(27.7)+ 16.5+(0)+ 41.4+(30.6)+ 36.6+(19)+ 20.1+(23.9)+ 13.5+(0)+ 21+(26.2)+ 39.9+(28.3)+ 23.3+(28.2)+
5'compliant'
elements+
N+(%)+ 9+(17.6)+ 29+(26.6)+ 5+(3.5)+ 44+(30.6)+ 15+(34.1)+ 18+(18.6)+ 3+(5)+ 19+(24.7)+ 32+(10.7)+ 110+(25.8)+
RIP+d+30+(%)+ 3+(33.3)+ 4+(13.8)+ 1+(20)+ 5+(11.4)+ 2+(13.3)+ 0+(0)+ 1+(33.3)+ 1+(5.3)+ 7+(21.9)+ 10+(9.1)+
Mean+(SD)+PPOSSUM+ 19.2+(16.4)+ 22.2+(30.8)+ 35.7+(28.4)+ 28.9+(30.3)+ 24.6+(24.5)+ 16.3+(24.4)+ 18.5+(18.6)+ 17+(21)+ 24.3+(23.4)+ 24.5+(27.9)+
4'compliant'
elements+
N+(%)+ 12+(23.5)+ 9+(8.3)+ 19+(13.2)+ 29+(20.1)+ 10+(22.7)+ 8+(8.2)+ 10+(16.6)+ 14+(18.2)+ 51+(17.1)+ 60+(14.1)+
RIP+d+30+(%)+ 3+(25.0)+ 0+(0)+ 9+(47.4)+ 2+(6.9)+ 0+(0)+ 0+(0)+ 2+(20.0)+ 0+(0)+ 14+(27.5)+ 2+(33.3)+
Mean+(SD)+PPOSSUM+ 24.1+(23.8)+ 7.6+(5.6)+ 41.7+(28.1)+ 26.3+(31.7)+ 12.3+(12.3)+ 3.9+(4.6)+ 25.8+(24.8)+ 6.7+(5.5)+ 28.7+(26.5)+ 18.1+(27)+
3'compliant'
elements+
N+(%)+ 11+(21.6)+ 3+(2.8)+ 37+(25.7)+ 22+(15.3)+ 9+(20.5)+ 5+(5.2)+ 26+(43.3)+ 2+(2.6)+ 83+(27.8)+ 32+(7.5)+
RIP+d+30+(%)+ 0+(0)+ 0+(0)+ 5+(13.5)+ 1+(4.5)+ 2+(22.2)+ 0+(0)+ 3+(11.5)+ 0+(0)+ 10+(12.0)+ 1+(3.13)+
Mean+(SD)+PPOSSUM+ 21+(29.2)+ 1.1+(0)+ 21.5+(24.4)+ 8.1+(12.4)+ 7+(5.1)+ 2.3+(2.8)+ 17.1+(24.8)+ 1.6+(0.1)+ 18.5+(24.4)+ 6.7+(10.7)+
2'compliant'
elements+
N+(%)+ 12+(23.5)+ 1+(9.2)+ 37+(25.7)+ 12+(8.3)+ 0+(0)+ 0+(0)+ 11+(18.3)+ 2+(2.6)+ 60+(20.1)+ 15+(3.5)+
RIP+d+30+(%)+ 0+(0)+ 1+(2.7)+ 0+(0)+ 0+(0)+ 0+(0)+ 1+(9.1)+ 0+(0)+ 3+(5.0)+ 0+(0)+ 0+(0)+
Mean+(SD)+PPOSSUM+ 20.2+(43.3)+ 1.9+(0)+ 14.4+(16.8)+ 23.7+(29.2)+ .+(.)+ .+(.)+ 10.9+(14.7)+ 8.2+(6.1)+ 14.9+(19.7)+ 20.1+(27.2)+
1'compliant'
element+
N+(%)+ 4+(7.8)+ 1+(9.2)+ 33+(22.9)+ 5+(3.5)+ 0+(0)+ 1+(1)+ 7+(11.7)+ 0+(0)+ 44+(14.7)+ 7+(1.6)+
RIP+d+30+(%)+ 0+(0)+ 0+(0)+ 4+(12.1)+ 1+(20.0)+ 0+(NA)+ 0+(0)+ 0+(0)+ 0+(0)+ 4+(9.1)+ 1+(14.3)+
Mean+(SD)+PPOSSUM+ 5.4+(5.6)+ .+(.)+ 10.8+(17.7)+ 20.3+(26.3)+ .+(.)+ 0.9+(0)+ 25+(28.1)+ .+(.)+ 12.6+(19.9)+ 14.9+(25.7)+
No'
compliant'
elements+
N+(%)+ 0+(0)+ 0+(0)+ 12+(8.3)+ 0+(0)+ 0+(0)+ 0+(0)+ 2+(3.3)+ 0+(0)+ 14+(4.7)+ 0+(0)+
RIP+d+30+(%)+ 0+(0)+ 0+(0)+ 0+(0)+ 0+(0)+ 0+(0)+ 0+(0)+ 0+(0)+ 0+(0)+ 0+(0)+ 0+(0)+
Mean+(SD)+PPOSSUM+ .+(.)+ .+(.)+ 9.4+(10.1)+ .+(.)+ .+(.)+ .+(.)+ 2.9+(1.2)+ .+(.)+ 8.5+(9.6)+ .+(.)+
Cases+with+missing+data+ 24+(47.1)+ 8+(7.3)+ 144+(100)+ 12+(8.3)+ 9+(20.5)+ 8+(8.2)+ 33+(55)+ 0+(0)+ 210+(70.2)+ 28+ 6.6)+
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!!
3.6! Individual!Process!measures!
Figure' 3.27' and' Table' 3.16' show' process' measures' in' use' before' and' after'
implementation'of'the'ELPQuiC'bundle.'Some'of'the'process'data'were'not'recorded'
routinely'before' the'project'and' therefore'collected' retrospectively.'Table'3.15'also'
details'proportions'of'unavailable'data.'The'change'in'goalGdirected'fluid'therapy'was'
statistically' significant' at' all' sites' (p<0.001).' The' change' in' ICU' admission' was'
statistically'significant' in' three'of' the'four'sites.'Although'not'specifically'part'of' the'
ELPQuiC'bundle,'the'change'in'senior'clinicians’'involvement'is'also'reported'in'Table'
3.15.'
! !
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Figure'3.27.!Compliance'with'processes'of'care!before'and'after! implementation'
of' the' emergency' laparotomy' pathway' quality' improvement' care' (ELPQuiC)'
bundle:'a'site'1,'b'site'2,!c'site'3'and'd'site'4.'Error'bars'represent'95%'CI.'*More'
than'15'per' cent' of' data' not' available.'EWS,' early'warning' scoreY'GDFT,' goalG
directed'fluid'therapyY'ICU,'intensive'care'unit'
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Table&3.16.!Process!measures!before!and!after! implementation!of! the!emergency! laparotomy!pathway!quality! improvement!care!
bundle.!Values'in'parentheses'are'percentages'unless'indicated'otherwise.'ELPQuiC,'emergency'laparotomy'pathway'quality'improvement'care>'n.a.,'not'
available.'*Fisher’s'twoCtailed'exact'test'with'yes,'no'and'n.a.'as'distinct'categories>'P'values'in'parentheses'were'calculated'excluding'n.a.!
!
!
Site&1& Site&2& Site&3& Site&4&
! Pre!ELPQuiC!(n!=!51)!
Post!ELPQuiC!
(n!=!109)!
Pre!ELPQuiC!
(n!=!144)!
Post!ELPQuiC!
(n!=!144)!
Pre!ELPQuiC!
(n!=!44)!
Post!ELPQuiC!
(n!=!97)!
Pre!ELPQuiC!
(n!=!60)!
Post!ELPQuiC!
(n!=!77)!
Early&warning&score&
recorded?!
No! 22!(43.1)! 38!(34.9)! 0!(0)! 32!(22.2)! 8!(18.2)! 1!(1)! 0!(0)! 1!(1.3)!
Yes! 15!(29.4)! 71!(65.1)! 0!(0)! 112!(77.8)! 35!(79.6)! 96!(99)! 40!(66.7)! 76!(98.7)!
n.a.! 14!(27.5)! –! 144!(100)! N! 1!(2.3)! N! 20!(33.3)! N!
P*! <!0.001!(0.012)! Not!computed! <!0.001!(<!0.001)! <!0.001!(1.000)!
Preoperative&
Antibiotics?!
No! 22!(43.1)! 50!(45.9)! 39!(27.1)! 44!(30.6)! 11!(25)! 34!(35.1)! 19!(31.7)! 11!(14.3)!
Yes! 25!(49)! 58!(53.2)! 69!(47.9)! 100!(69.4)! 33!(75)! 63!(65)! 18!(30)! 66!(85.7)!
n.a.! 4!(7.8)! 1!(0.9)! 36!(25.0)! –! –! –! 23!(38.3)! –!
P*' 0.082!(1.000)! <!0.001!(0.417)! 0.251! <!0.001!(<!0.001)!
Decision&to&theatre&
time&<6&hours?!
No! 18!(35.3)! 19!(17.4)! 50!(34.7)! 46!(31.9)! 12!(27.3)! 23!(23.7)! 12!(20)! 18!(23.4)!
Yes! 25!(49)! 86!(78.9)! 64!(44.4)! 92!(63.9)! 22!(50)! 67!(69.1)! 21!(35)! 59!(76.6)!
n.a.! 8!(15.7)! 4!(3.7)! 30!(20.8)! 6!(4.2)! 10!(22.7)! 7!(7.2)! 27!(45)! –!
P*' <!0.001!(0.004)! <!0.001!(0.092)! 0.020!(0.371)! <!0.001!(0.170)!
Intraoperative&goalE
directed&fluid&
therapy?!
No! 17!(33.3)! 8!(7.3)! 118!(81.9)! 61!(42.4)! 31!(70.5)! 17!(17.5)! 56!(93.3)! 39!(50.7)!
Yes! 32!(63.8)! 100!(91.7)! 26!(18.1)! 83!(57.6)! 13!(30)! 80!(82.5)! 4!(6.7)! 38!(49.4)!
n.a.! 2!(3.9)! 1!(0.9)! –! –! –! –! –! –!
P*' <!0.001!(<!0.001)! <!0.001! <!0.001! <!0.001!
Postoperative&
intensive&care?!
No! 15!(29.4)! 5!(4.6)! 66!(45.8)! 64!(44.4)! 23!(52.3)! 24!(24.7)! 34!(56.7)! 29!(37.7)!
Yes! 36!(70.6)! 104!(95.4)! 76!(52.8)! 80!(55.6)! 21!(47.7)! 73!(75.3)! 26!(43.3)! 48!(62.3)!
n.a.! –! –! 2!(1.4)! –! –! –! –! –!
P*! <!0.001! 0.501!(0.812)! 0.002! 0.038!
Consultant&
anaesthetist&in&
theatre?!
No! 31!(60.8)! 19!(17.4)! 66!(45.8)! 51!(35.4)! 4!(9.1)! 2!(2.1)! 29!(48.3)! 27!(35.1)!
Yes! 20!(39.2)! 90!(82.6)! 78!(54.2)! 93!(64.6)! 40!(90.9)! 95!(97.9)! 31!(51.7)! 50!(64.9)!
n.a.! –! –! –! –! –! –! –! –!
P*! <!0.001! 0.093! 0.076! 0.161!
Consultant&surgeon&
in&theatre?!
No! 28!(54.9)! 18!(16.5)! 85!(59.0)! 68!(47.2)! 8!(18.2)! 14!(14.4)! 15!(25)! 16!(20.8)!
Yes! 23!(45.1)! 91!(83.5)! 59!(41.0)! 76!(52.8)! 36!(81.8)! 83!(85.6)! 45!(75)! 61!(79.2)!
n.a.! –! –! –! –! –! –! –! –!
P*! <!0.001! 0.059! 0.619! 0.681!
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3.7$$$Statistical$Process$Control$(SPC)$charts$
During'the'implementation'period'SPC'run'charts'were'used'to'demonstrate'changes'
in' compliance' to' process' measures' and' certain' outcomes' over' time.' Categorical'
variables'are'represented'using'p:charts,'continuous'variables'are'represented'using'
XMR'charts'(section'1.7.3).'The'charts'include'baseline'data'where'available.'Each'
point'on'the'moving'range'chart'(XMR)'represents'one'patient,'each'point'on'a'p:chart'
represents' a' group' of' ten' consecutive' patients.'Data' points' at' times' of' significant'
change'are'highlighted'in'red.''
'
$ $
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3.7.1$ Early$warning$score$recording$on$presentation/deterioration$
Figure'3.28'shows'a'p:chart'of'the'proportions'of'patients'who'had'an'early'warning'
score'recorded'and'charted.'The'patients'are'grouped'in'groups'of'ten'consecutive'
patients.'The'red'centre'line'shows'the'mean,'the'upper'and/or'lower'confidence'limits'
are'shown'as'a'dotted' line'and'the' linear'trend' in'the'data'over'the'data'collection'
period'is'shown'where'applicable.'Sites'3'and'4'show'that'compliance'to'this'element'
was'excellent'before'and'after' implementation.'Site'1'demonstrates'that'this'metric'
was'not'well'established'before'ELPQuiC'and'that'progress'was'slow'after'ELPQuiC'
implementation.' Site' 1' had' implemented' an' electronic' system' for' EWS' after' the'
baseline'period'and'before'ELPQUIC,'which'may'explain'some'of'the'improvement.'
However,' the' implementation' of' this' electronic' system'was' hampered' by' software'
issues'during'the'ELPQuiC'period,'which'may'explain'the'relatively'poor'compliance'
when'compared'to'the'other'sites.'The'increasing'trend'line'for'sites'1'and'2'during'
the'ELPQuiC'period'demonstrates'improvement'over'time.$
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'
Figure$ 3.28.' Run' chart' (p:chart)' showing' proportions' of' patients' who' had' early'
warning'scores'measured'and' recorder'on'presentation/deterioration' (proportion'of'
groups'of'10'consecutive'patients).'Mean'–'red'centre'line,'3:sigma'confidence'limits'
–'dotted'line,'trend'line'shown'where'appropriate.'
'
'
3.7.2$ Administration$of$preDoperative$antibiotics.$
Figure' 3.29' shows' a' XMR' chart' for' the' time' between' clinical' deterioration' and'
administration' of' antibiotics' in' patients' with' either' SIRS,' raised' serum' lactate' or'
suspected'perforation.'Data'for'this'metric'was'not'available'for'the'baseline'period'
and'only'data' for'patients' treated'after'ELPQuiC'are'shown.'There' is'considerable'
variation'in'the'time'to'antibiotics'in'all'trusts.'Sites'2'and'4'show'improvement'towards'
the'end'of'the'data'collection'period.'Site'4'appeared'to'be'coming'under'more'control'
until'March'2013'(though'not'significantly),'interestingly'this'coincided'with'changes'in'
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junior' surgical' staffing,' in' particular' an' engaged' surgical' registrar' who' had' been'
involved' in' the'project' left' the' trust.'The'mean' time:to:antibiotics' in'each' trust'was'
between'5.8'and'8.9'hours,'demonstrating'continued'room'for'improvement'in'timing'
of'antibiotics'in'patients'at'risk'of'sepsis.'However,'the'data'is'shown'for'patients'with'
SIRS'(presumed'sepsis),'and'those'at'risk'of'sepsis'(lactate'>2mmol/l'or'suspected'
intestinal' perforation),' therefore' some' patients'may' have' not' fulfilled' the' surviving'
sepsis'criteria'for'antibiotics'within'3'hours.'
$
Figure$3.29.$XMR'moving'range'run'chart'showing'time'from'deterioration'to'antibiotic'
administration' in' patients' with' systemic' inflammatory' response' syndrome' and/or'
suspect'visceral'perforation'and'/or'arterial'lactate'>2mmol/l.'Mean'–'black'centre'line,'
Median'–'red'centre'line,'upper'confidence'limit'–'dotted'upper'line,'1:,'2:'and'3:sigma'
limits'shown'in'green,'yellow'and'red'respectively.'
$ $
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3.7.3$ Time$to$Resuscitation$fluids$
Figure'3.30'shows'a'XMR'chart'for'the'time'between'deterioration'and'administration'
of'resuscitation'fluids'(defined'as'those'prescribed'and'administered'at'a'rate'faster'
than'maintenance'fluids'(i.e.'>125mls/hour)'for'patient'with'SIRS,'raised'serum'lactate'
and/or'suspected'intestinal'perforation.'Baseline'data'was'not'available'for'this'metric,'
therefore'only'patients'treated'after'implementation'of'ELPQuiC'are'shown.'There'is'
evidence' of' periods' of' improvement' in' sites' 1,' 2,' and' 4.' Variation' in' time' to'
resuscitation'fluids'mirrors'the'variation'in'time'to'antibiotics,'it'is'however'interesting'
to'note'that'the'mean'time'to'administration'of'resuscitation'fluids'is'lower'than'the'
mean'time'to'administration'of'antibiotics'(3'to'5'hours'versus'6'to'9'hours'for'antibiotic'
administration).'This'may'reflect'the'differences'in'prescribing'practice'between'fluids'
and'antibiotics' (e.g.'nurse'prescribing,' fluids'more' likely' to'be'prescribed'ahead'of'
clinical'review'than'antibiotics).'
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$
Figure$ 3.30$ XMR' moving' range' run' chart' showing' time' from' deterioration' to'
administration' of' intravenous' resuscitation' fluids' in' patients' with' systemic'
inflammatory'response'syndrome'and/or'suspect'visceral'perforation'and'/or'arterial'
lactate'>2mmol/l.'Mean'–'black'centre'line,'Median'–'red'centre'line,'upper'confidence'
limit' –'dotted'upper' line,'1:,' 2:'and'3:sigma' limits' shown' in'green,' yellow'and' red'
respectively.'
'
3.7.4$ Time$from$CT$booking$to$CT$scan$
$
Figure'3.31'shows'a'XMR'chart'of'the'time'from'CT'scan'booking'to'performing'the'
scan' (ELPQUIC' patients' only,' baseline' data' unavailable).' All' sites' demonstrate'
periods' of' significant' improvement' and' site' 3' shows' a' period' of' significant'
improvement,'increasing'towards'the'end'of'the'project.'All'sites'reported'successfully'
engaging'the'radiology'department'and'implementing'a'system'to'prioritise'scanning'
for'high'risk'emergency'surgical'patients.'
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$
Figure$3.31.$XMR'moving'range'run'chart'showing'time'from'booking'of'CT'scan'to'
CT'scan'(hours)'for'each'hospital.'Mean'–'black'centre'line,'Median'–'red'centre'line,'
upper'confidence'limit'–'dotted'upper'line,'1:,'2:'and'3:sigma'limits'shown'in'green,'
yellow'and'red'respectively.'
'
$
3.7.5$ Time$from$decisionDtoDoperate$to$arrival$in$the$operating$theatre$
Figure' 3.32' shows' XMR' charts' for' the' time' between' the' decision:for:theatre' and'
arriving' in' the'operating' theatre' for' consecutive'patents'before'and'after'ELPQuiC'
implementation.' All' sites' demonstrate' significant' periods' of' change' after'
implementation'of'ELPQuiC,'with'several'runs'below'the'mean'and'lower'mean'and'
median'times.'
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'
Figure$3.32.'XMR'moving'range'run'chart'showing'time'from'decision:to:operate'to'
arrival' in' the'operating' theatre' (hours)' for'each'hospital.'Mean'–'black'centre' line,'
Median'–'red'centre'line,'upper'confidence'limit'–'dotted'upper'line,'1:,'2:'and'3:sigma'
limits'shown'in'green,'yellow'and'red'respectively.'
'
'
$ $
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3.7.6$ Intraoperative$goal$directed$fluid$therapy$
Figure'3.33'shows'the'p:chart'of'the'proportions'of'patients'receiving'intra:operative'
goal'directed'fluid'therapy'(in'groups'of'10'consecutive'patients).'All'sites'improved'
compliance'between'baseline'and'implementation'periods.'Site'2'shows'evidence'of'
continued'improvement'throughout'the'implementation'periods.'The'reasons'for'the'
varied'improvement'between'sites'is'unclear'but'is'likely'to'reflect'local'practices'and'
culture'in'embracing'new'technology'and'practices.$
'
Figure$ 3.33.' Run' charts' (p:chart)' showing' proportions' of' patients' who' received'
intraoperative' goal' directed' fluid' therapy' (proportion' of' groups' of' ten' consecutive'
patients).'Mean'–'red'centre'line,'3:sigma'confidence'limits'–'dotted'line,'trend'line'
shown'where'appropriate.'
$
$ $
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3.7.7$ PostDoperative$goal$directed$fluid$therapy.$
Figure'3.34'shows'a'p:chart'for'the'proportions'of'patients'(in'groups'of'10'consecutive'
patients)' receiving' post:operative' GDFT' for' 6' hours.' Sites' 1,' 3' and' 4' show'
improvement' between' baseline' and' implementation' periods.' Site' 2' did' not' have'
baseline'data'available,' however' there' is'evidence'of' improvement' throughout' the'
implementation'period.''
'
Figure$3.34.'Run'chart's(p:chart)'showing'proportions'of'patients'who'received'goal'
directed' fluid' therapy' for' six' hours' post:operation' (proportion' of' groups' of' ten'
consecutive'patients).'Mean'–'red'centre'line,'3:sigma'confidence'limits'–'dotted'line,'
trend'line'shown'where'appropriate.'
$ $
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3.7.8$ PostDoperative$intensive$care.$
Figure'3.35'shows'a'p:chart'for'the'proportions'of'patients'(in'groups'of'10'consecutive'
patients)'transferred'to'intensive'care'after'surgery.'There'were'improvements'in'all'
sites'between'baseline'and'implementation'periods.'It'is'clear'however'that'some'sites'
improved'more'than'others.'Site'2'improved'ITU'admission'rates'less'than'the'other'
sites,' however,' there' is' evidence' of' continued' improvement' throughout' the'
intervention' period.' The' variation' in' improvement' between' sites' is' likely' to' reflect'
differences' in' local'provision,'culture'and'practices'with'regards'to' the'utilization'of'
scarce'intensive'care'resources.'Increasing'intensive'care'utilisation'requires'either'
redistribution'(i.e.'admitting'some'patients'and'not'others)'or'an'increase'in'resources,'
both'of'which'are'significant'barriers'to'change.'
$
Figure$3.35.'Run'charts'(p:chart)'showing'proportions'of'patients'who'received'post:
operative'intensive'care'(proportion'of'groups'of'10'consecutive'patients).'Mean'–'red'
centre' line,' 3:sigma' confidence' limits' –' dotted' line,' trend' line' shown' where'
appropriate.$ $
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3.7.9$ IntraDoperative$consultant$anaesthetist$presence$in$theatre.$
Figure'3.36'shows'a'p:chart'for'the'proportions'of'patients'(in'groups'of'10'consecutive'
patients)'receiving'direct'care'from'a'consultant'anaesthetist'during'their'operation.'
Site'4'had'a'high' level'of' consultant' involvement'before' implementation,' reflecting'
their' pre:existing' consultant' led' emergency' theatre' services.' Site' 1' demonstrated'
significant'improvement'between'baseline'and'implementation.'Site'4'demonstrated'
little' change' in' overall' mean' before' and' after' implementation,' however' there' is'
evidence' of' continued' improvement' throughout' the' implementation' period.' Site' 2'
showed'no'evidence'of'improvement,'this'was'reported'as'being'due'to'difficulties'in'
engaging'and'changing'behaviour'of'well:established'senior'clinicians.'
'
Figure$3.36.'Run'charts'(p:chart)'showing'proportions'of'cases'where'a'consultant'
anaesthetist'was'in'theatre'at'the'time'of'anaesthesia/surgery'(proportion'of'groups'of'
10'consecutive'patients).'Mean'–'red'centre'line,'3:sigma'confidence'limits'–'dotted'
line,'trend'line'shown'where'appropriate.$ $
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3.7.10$IntraDoperative$consultant$surgeon$presence$in$theatre.$
Figure'3.37'shows'a'p:chart'for'the'proportions'of'patients'(in'groups'of'10'consecutive'
patients)'receiving'direct'care'from'a'consultant'surgeon'during'their'operation.'Site'4'
had'a'high'level'of'consultant'involvement'before'implementation,'reflecting'their'pre:
existing' consultant' led' emergency' theatre' services.' Site' 1' and' 4' demonstrated'
significant'improvement'between'baseline'and'implementation.'Site'2'showed'some'
improvement'in'overall'mean'but'again'found'difficulties'in'engaging'senior'clinicians.'
Surgical'staffing'at'site'2'did' include'several'consultant:level'staff'grade'surgeons,'
which'may'explain'the'lack'of'improvement'to'some'extent.'
'
Figure$3.37.'Run'charts'(p:chart)'showing'proportions'of'cases'where'a'consultant'
surgeon'was'in'theatre'at'the'time'of'operation'(proportion'of'groups'of'ten'consecutive'
patients).''Mean'–'red'centre'line,'3:sigma'confidence'limits'–'dotted'line,'trend'line'
shown'where'appropriate.'
'
'
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3.7.11$Summary$of$SPC$charts''
SPC' charts' were' a' useful' representation' of' changes' in' process' compliance' and'
outcomes'over' time'during' the'project.'The'presentation'of'contemporaneous'data'
allowed'rapid'identification'of'areas'of'poor'performance'or'lack'of'improvement'and'
stimulated' prompt' action' to' attempt' to' rectify' any' issues.' Overall' the' charts'
demonstrate' improvement' in'some'process'measures'for'all'hospitals'(for'example'
EWS,' times'to' treatment'and' investigations,'use'of'GDFT'and'post:operative' ITU).'
However,'all'hospitals'demonstrated'areas'resistant'to'change.'These'areas'varied'
between' hospitals.' This' highlights' the' importance' of' focused' local' improvement'
strategies'guided'by'local'data.'Some'process'measures'in'certain'hospitals'showed'
little'improvement'between'baseline'and'intervention'periods'when'measured'using'
mean'compliance.'Using'SPC,'however,'revealed'trends'of'continued'improvement'
that' otherwise' would' not' have' been' appreciated.' This' phenomenon' is' clearly'
demonstrated'in'site'2'post:operative'intensive'care'(figure'3.31)'and'site'4'consultant'
anaesthetist' presence' (figure' 3.32).' The' SPC' charts' demonstrate' the' utility' of'
contemporaneous'data'presentation'in'stimulating'and'demonstrating'subtle'evidence'
of'the'impact'of'quality'improvement'efforts.'
'
'
$
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3.8$Quality$Improvement$Dashboard$'
'
Figure'3.38'shows'the'final'quality'improvement'dashboard'(as'described'in'section'
2.10.4.1).'The'dashboard'was'presented'to'the'sites'(along'with'SPC'and'other'charts)'
at'the'collaborative'meetings'throughout'the'implementation'period.'
' Site$1' Site$2' Site$3' Site$4'
Early$Warning$Score$
recorded'
65%' 78%' 99%' 99%'
PreDoperative$Antibiotics$
administered'
67%' 69%' 65%' 86%'
DecisionDtoDtheatre$in$<6$
hours'
77%' 62%' 66%' 74%'
IntraDoperative$Goal$
Directed$Fluid$Therapy'
92%' 58%' 82%' 49%'
Consultant$Anaesthetist$
present$intraDoperatively'
95%' 56%' 75%' 62%'
Consultant$Surgeon$
present$intraDoperatively'
65%' 78%' 99%' 99%'
PostDoperative$intensive$
care$
67%' 69%' 65%' 86%'
'
Figure$3.38.'Quality'Improvement'Dashboard.'Compliance'>80%':'green,'60'to'79%'
:'amber,'<60%'red.'
'
'
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3.9$Spider$diagrams$$
Figure' 3.39' shows' spider' diagrams' for' each' of' the' four' participating' sites' (as'
described'in'section'2.10.4.2).'Compliance'to'each'care'bundle'element'is'plotted'in'
consecutive'order'clockwise.'This'provides'a'visual'estimate'of'overall'compliance.'To'
quantify' this' the'area'of' the'shaded'section'was'calculated'as'a' representation'of'
overall'combined'compliance.'These'diagrams'were'used'throughout' the'project'at'
the'regular'collaborative'meetings'as'a'visual'representation'of'overall'compliance.'
The'overall' area' allowed' comparison' of' each' sites’' compliance.' The' shape'of' the'
shaded'area'highlights'areas'of'good'and'poor'performance.'
'
'
Figure$3.39.'–'Spider'diagrams'showing'combined'compliance' in'each'of' the' four'
participating'hospitals.(
'
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Chapter(Four(,(Discussion(
The(results(of(the(ELPQuiC(study(demonstrate(that(the(introduction(of(a(standardised(
care(pathway(with(specific(care(goals,(together(with(a(structured(quality(improvement(
methodology,( has( been( associated( with( improved( risk( adjusted( mortality( after(
emergency( laparotomy( surgery.( Along*side( these( improvements( in(mortality,( there(
was(evidence(of(improvement(in(compliance(to(the(specific(care(bundle(goals,(both(
before(and(during(implementation(of(the(ELPQuiC(bundle.(The(ELPQuiC(bundle,(and(
the( underlying( project( methodology,( if( widely( implemented,( have( the( potential( to(
significantly(improve(survival(after(emergency(laparotomy(surgery.(
4.1(Comparability(of(Cohorts(
4.1.1(Predicted(mortality(
There(was(no(difference(in(the(pooled(mean(predicted(mortality(using(P*POSSUM(risk(
in(the(baseline(period(when(compared(with(the(post*ELPQuiC(implementation(period.(
There(were(no(statistically(significant(differences( in(PPOSSUM(before(versus(after(
implementation(in(each(individual(hospital((section(3.1.1,(table(3.1,(figure(3.1,(figure(
3.2).((P*POSSUM(is(made(up(of(18(variables:(12(physiological(and(six(surgical.(The(
original( POSSUM(was( published( by(Copeland( et( al,( (1991).( ( In( 1998(Prytherch(&(
Whiteley((1998)(adapted(the(original(POSSUM(which(they(termed.(P*POSSUM(was(
recommended(at(the(time(of(development(of(ELPQuiC(bundle(and(then(accepted(as(
the(most(accurate(risk(prediction(model(for(general(surgical(patients((Moonesinghe(et(
al,(2013).(!
P*POSSUM( represents( an( assessment( of( the( relative( contributions( of( pre*morbid(
conditions,(physiological(compromise(and(operative(findings(to(the(overall(risk(of(death(
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following(surgery.(For(this(reason,(predicted(mortality(as(calculated(using(P*POSSUM,(
was( used( for( risk( assessment( and( risk( adjustment( of( outcomes.( In( this( study,( the(
predicted( mortality( was( calculated( using( the( worst( pre*operative( physiological(
variables(and(actual( intraoperative( findings.(The(choice( to(use(worst( pre*operative(
physiological(variables(was(based(on(a(desire(to(measure(each(patient(at(the(same(
point(in(their(pathway,(i.e.(the(nadir(of(their(physiological(compromise.(The(intention(
of( this( was( to( reduce( variability( in( the( measurement( of( physiological( variables.(
However,( this( potentially(masks( the( impact( of( unnecessary( delays,( and( potentially(
rewards(outcomes(in(patients(whom(were(allowed(to(deteriorate(due(to(unnecessary(
pre*operative(delays.(
The(Royal(College(of(Surgeons(of(England(and(the(Department(of(Health(recommends(
using(P*POSSUM(for(risk(prediction(in(high*risk(general(surgery((Higher(Risk(General(
Surgical(Patient,(2011).(It(was(therefore(considered(the(most(appropriate(predictor(of(
individual( patient( risk( and( used( as( such( in( the( analysis.( In( this( study( designated,(
trained(data(collection(personnel(collected(P*POSSUM(data.(It(therefore(represents(a(
comprehensive( assessment( of( physiological( compromise( (which( includes( chronic(
impairment)(and(operative(findings.(
There(is(no(clear(guidance(on(when(to(measure(the(physiological(variables.(Operative(
variables(are(easier(to(define(and(measure,(as(they(are(those(that(are(found(at(the(
time(of( operation.(However,( some(national( bodies( (for( example(RCSE(and(NELA)(
suggest(in(their(guidelines(that(P*POSSUM(should(be(used(pre*operatively(to(predict(
mortality(and(that(this(should(inform(patient(consent((Anderson(et(al.,(2011).(However,(
when( using( P*POSSUM( as( a( pre*operative(mortality( risk( prediction( tool( one(must(
predict(the(operative(findings.(It(would(be(pragmatic(to(use(all(available(information(
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from(the(history,(examination(and(investigations(to(make(an(educated(estimate(of(best(
and(worst(case(anticipated(operative(findings.(A(range(of(risk(can(then(be(calculated(
and(presented(to(the(patient(and(their(family(to(inform(the(consent(process,(as(well(as(
guide(peri*operative(management.(Subsequent(estimation(of(mortality(after(operation(
can(then(be(used(to(guide(further(care,(inform(subsequent(discussion(with(the(patient(
and/or(their(family(and(monitor(risk*adjusted(outcomes.(
Since( completion( of( the( ELPQuiC( project,( further( publications( have( reviewed( risk(
prediction( in(the(context(of(emergency( laparotomy((Oliver(et(al,(2015).(There(are(a(
number( of( limitations( to( using( PPOSSUM( to( predict( mortality( in( emergency(
laparotomy.(PPOSSUM(requires(interpretation(of(tests((i.e.(electrocardiogram,(chest(
x*ray),(prediction(of(intra*op(factors(pre*operatively,(only(predicts(short(term(outcomes(
and(over(predicts(in(colorectal(cancer(and(high(risk(patients((Oliver(et(al,(2015).(The(
results(of( the(ELPQuiC(study(would(support( the(existing(evidence( that(PPOSSUM(
over(predicts(mortality(in(high(risk(emergency(laparotomy.(
There( are( a( number( of( newer( risk( prediction( tolls( that( have( subsequently( been(
described.(Firstly,( the(surgical(outcome(risk(tool((SORT)(has(been(described(for(all(
surgery,(using(data(collected(as(a(part(of(NCEPOD((Protopapa(et(al.,(2014).(This(is(a(
validated( tool( that( has( the( advantage( of( being( simple,( including( only( 6( categories(
(surgical(severity,(ASA,(urgency,( thoracics/gastrointestinal/vascular(surgery,(cancer(
and(age).(The(simplicity(of( the(tool(aids(accessibility(and(implementation,(however,(
like(PPOSSUM,( it( lacks( the( specificity( for( emergency( laparotomy.( The(US(NSQIP(
(National( Surgical(Quality( Improvement( Program)( collects( data( from(US( hospitals.(
This(large(dataset(has(been(used(to(create(a(risk(prediction(tool((Bilimoria(et(al.,(2013).(
The(advantage(of(this(tool(is(that(it(is(based(on(large(numbers(of(operations(and(has(
therefore(been(calibrated(for(specific(procedures(and(provides(detailed(information(on(
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predicted(mortality,(hospital(stay(and(complications.(The(disadvantage(of(this(tool(of(
that(it(requires(21(data(points(and(is(specific(to(the(US(health(system.(The(National(
Emergency( Laparotomy( Audit( (NELA)( collects( data( from( UK( acute( hospitals( on(
emergency( laparotomy( cases.(Data( from(over( 20,000( cases(has(been(used( to( re*
calibrate( the( PPOSSUM( formula( (available( at( http://data.nela.org.uk/riskcalculator/,(
accessed(July(2018).(This(has(the(advantages(of(being(a(familiar(dataset((PPOSSUM(
is(collected(as(routine(data(for(NELA)(and(is(specific(to(emergency(laparotomy(in(the(
UK.( This( is( therefore( likely( to( be( used( as( the( risk( prediction( tool( for( emergency(
laparotomy(in(the(UK.(
4.1.2(Demographics(
4.1.2.1(ASA(distribution(
The(American(Society(of(Anesthesiologists((ASA)(status(is(a(widely(used,(non*linear,(
5*point(categorical(assessment(of( functional(status(and( it(correlates(with(outcomes(
after(emergency(surgery((Cook(and(Day,(1998b(Awad(et(al.,(2012b(Neary(et(al.,(2006).(
In(this(cohort(increasing(ASA(status(is(associated(with(worsening(mortality(outcome(
(figure(3.10),(in(keeping(with(published(data(surgery((Cook(and(Day,(1998b(Awad(et(
al.,(2012b(Neary(et(al.,(2006).((There(was(no(difference(in(distribution(of(ASA(functional(
status(either(at(an(individual(hospital(level(or(for(combined(data((table(3.2,(figure(5).(In(
this(study,(ASA(status(was(determined(and(recorded(from(that(which(was(documented(
by(anaesthetic(staff(on(the(anaesthetic(record(at(the(time(of(operation.((It(was(therefore(
determined(by(multiple(assessors(and(merely(recorded(by(data(collection(personnel.(
It(is(therefore(open(to(greater(inter*rater(variability(than(PPOSSUM.(For(these(reasons,(
it(was(not(considered(appropriate(to(use(ASA(functional(status(for(risk*adjustment(of(
outcome(data.((
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4.1.2.2(Age(distribution(
There(were(no(significant(differences(in(age(between(the(two(cohorts((baseline(versus(
post(ELPQuiC(implementation),(either(at(an(individual(hospital(level(or(for(combined(
data((section(3.1.2,(figure(3.3,(figure(3.4).(
4.1.2.3(Sex(distribution(
Overall(there(were(no(differences(in(sex(distribution(between(the(cohorts(before(and(
after(ELPQuiC(implementation((table(3.1),(however(Site(1(had(a(statistically(significant(
difference( in(sex(distribution.(The(cases( in(each(cohort(were(consecutive( inclusive(
casesb( therefore,( the( only( explanation( for( this( difference( is( the( natural( variation( in(
presentation( of( cases.( There( is( no( published( evidence( to( suggest( a( difference( in(
outcomes( between( men( and( women,( therefore( this( difference( in( sex( distribution(
between(the(cohorts(is(unlikely(to(have(an(impact(on(observed(mortality(rates.(
4.1.2.4(Underlying(pathology(
Pathological(processes(associated(with(general(surgical(intra*abdominal(emergencies(
can(be(due(to(bleeding,(infection,(obstruction,(ischaemia(and/or(perforation.(Indeed,(
some(pathological(processes(will(develop(into(others.(For(example,(bowel(obstruction(
can( lead( to( translocation(of(bacteria( from( the(gastrointestinal( lumen( into( the(blood(
stream,(impairment(of(gut(perfusion(and(subsequent(mucosal(breakdown,(leading(to(
sepsis,(bowel(ischaemia(and(perforation.(This(process(is(a(continuum,(and(intervening(
early(in(the(pathophysiological(process(has(the(potential(to(prevent(deterioration(and(
improve(outcomes.(
Underlying( pathologies( were( collected( as( free*text( data.( It( was( subsequently(
categorised(into(pathologically(similar(grouping(and(presented(as(a(bar(chart(showing(
proportional( incidence(in(the(baseline(and(post*ELPQuiC(groups((figure(3.6).(There(
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were( no( differences( between( the( two(groups( in( terms(of( proportions( of( underlying(
pathologies(either(at(an(individual(hospital(level(or(for(combined(data((table(3.3).(The(
most( frequent( underlying( pathologies( observed( in( the( Emergency( Laparotomy(
Network(Audit(were(perforation((29.6%),(obstruction((25.2%)(and(intestinal(ischaemia(
(11.5%),( (Barrow( et( al.,( 2013).( The( rates( of( underlying( pathology( in( the(ELPQuiC(
cohorts(are(similar(for(perforation((30.4%(pre,(28.3%(post)(and(ischaemia((13.4%(pre,(
11.7%( post).( However,( rates( of( obstruction( were( higher( in( the( ELPQuiC( cohorts(
(39.2%( pre,( 40.2%( post).( It( is( unclear( if( this( is( a( genuine( difference( in( performed(
operations( or( merely( a( reflection( of( differing( methodologies( in( categorization( of(
procedures.((
4.1.2.5(Operative(procedure(
Operative(procedures(were(recorded(from(those(documented(on(the(operative(record(
in(the(medical(notes.(The(data(were(then(categorised(into(groups(of(similar(procedures(
(bowel(resection,(stoma(formation,(adhesiolysis(alone,(repair(of(perforation,(primary(
anastomosis,( hernia( repair,( drainage( of( collection( /abscess/( haematoma,(
gastrointestinal( bypass( procedure,( over*sewing( /ligation( for( bleeding).( As( with(
underlying( pathology,( it( is( common( to( require(multiple( procedures( during( a( single(
operation,(this(is(especially(true(in(the(emergency(setting.(There(were(differences(in(
the( proportions( of( certain( types( of( procedure( before( and( after( ELPQuiC(
implementation.( The( incidence( of( bowel( resection( and( adhesiolysis( as( the( sole(
procedure( were( both( statistically( significantly( greater( in( the( post*implementation(
cohort( (table(3.4(and( figure(3.7),( however( the(differences(were(small.( (Overall( the(
cohorts( consisted( of( a( similar( population( of( high*risk( emergency( general( surgery(
patients( who( underwent( a( similar( array( of( procedures( via( emergency( laparotomy.(
These(similarities(in(underlying(pathology(and(operative(procedures(are(evidence(that(
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implementing( the( ELPQuiC( bundle( did( not( alter( the( cohort( of( patients( going( for(
emergency(laparotomy.(That(is(to(say,(the(ELPQuiC(bundle(project(did(not(appear(to(
have(altered(the(decision(whether(to(operate(or(not,(or(the(decision(regarding(which(
procedures(to(perform(at(operation.(
The( most( frequent( operative( procedures( observed( in( the( ELN( cohort( were( bowel(
resection((53%),(adhesiolysis((9.3%)(and(repair(of(perforation((6.8%)((Barrow(et(al.,(
2013).(Rates( of( operative( procedures(were( similar( in( the(ELPQuiC( cohortsb( bowel(
resection((41.8%(pre,(56%(post),(adhesiolysis((7.7%(pre,(14.3%(post)(and(perforation(
repair(7.7%(pre,(6.3%(post).(
4.1.3(Relative(contributions(of(each(hospital(
In(terms(of(numbers(of(patients,(the(relative(contribution(of(each(hospital(before(and(
after( implementation( of( ELPQuiC( bundle(were( unequal.( The(Royal( Surrey(County(
Hospital(contributed(51/299((17.1%)(of(the(baseline(cases(and(109/427((25.5%)(of(the(
post*implementation( cases.( The( Royal( United( Hospital( Bath( contributed( 144/299(
(48.1%)(of(baseline(cases(and(144/427( (33.7%)(of( the(post*implementation(cases.(
The(Royal(Devon( and(Exeter(Hospital( contributed( 44/299( (14.7%)( of( the( baseline(
cases( and( 97/427( (22.7%)( of( the( post*implementation( cases.( Torbay( Hospital(
contributed(60/299( (20.0%)(of( the(baseline(cases(and(77/427( (18.0%)(of( the(post*
implementation( cases.( Differences( in( catchment( population( and( surgical(
subspecialties(offered(at(each(hospital(are(described(in(the(Results((section(2.5.2).(
The( four(participating(hospitals(are( similar( in( that( they(are(all(NHS(district( general(
hospitals(with(additional(tertiary(subspecialist(services.(They(differ(in(size(of(catchment(
population,(specialist(surgical(services(offered(and(geographical(location.(Some(of(the(
participating( hospitals( are( geographically( located( in( busy( tourist( destinations.( This(
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means(that,(at(peak(times(of(the(year,(catchment(populations(rise(dramatically.(These(
factors( are( likely( to( contribute( to( variability( in( the( incidence( of( emergency( general(
surgery(both(locally(and(between(centres.(It(is(therefore(inevitable(that(hospitals(with(
higher( throughput(of(emergency(general(surgery(will( contribute(more(cases(over(a(
given(time(period.(This(does(not(explain( the(differences( in(proportional(contribution(
from(each(hospital(between(baseline(and(post*implementation(cohorts.(The(baseline(
data(consisted(of(existing(audit(data(in(three(of(the(four(participating(hospitals.(In(the(
fourth(hospital(baseline(data(were(collected( retrospectively(covering(a( three*month(
period((see(methods(section(2.6).(The(baseline(datasets(therefore(represent(different(
periods( of( time( for( each( hospital.( This( explains( why( some( hospitals( contribute( a(
different(proportion(of(cases(when(comparing(baseline(to(post*implementation(cases.(
These(differences( in( the( relative( contributions(of( each(hospital( could(be(argued( to(
misrepresent(the(success(of(the(ELPQuiC(bundle(project(in(each(hospital(individually.(
However,(combining(data(represents(an(evaluation(of(the(potential(overall(impact(of(
the(ELPQuiC(bundle(should(it(be(up*scaled(to(a(larger(group(of(hospitals(and(patient(
population.( Indeed,( as( described( in( the( introduction,( high*risk( emergency( general(
surgery(is(undertaken(in(all(hospitals(and(is(both(high*risk(and(high*volume,(with(an(
estimated(annual(incidence(of(over(50,000(cases(in(the(UK.(Therefore,(combining(data(
from(all( hospitals( can(be(argued(as( the(optimal(method(of( assessing( the(potential(
impact( of( up*scaling( the( implementation( of( the( ELPQuiC( bundle( across( a( larger(
population.(
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4.2(Outcomes(
4.2.1(Mortality(
4.2.1.1(Unadjusted(Mortality(
Overall(unadjusted(30*day(mortality(was(14.0(per(cent((42/299)(before(implementation(
and( 10.5( per( cent( (45/427)( after( implementation.( This( did( not( reach( statistical(
significance((p=0.152)(and(this(was(reflected(with(data(from(each(hospital.(Differences(
in( unadjusted( 30*day( mortality( (before( versus( after( ELPQuiC)( at( each( individual(
hospital(varied(between(2.1(to(6.1%(absolute(difference,(and(14.4(to(33.9%(relative(
difference.( Kaplan*Meier( survival( analysis( (section( 3.3.2)( demonstrated( a( non*
significant( difference( in( survival( for( the( first( 30( days( after( emergency( laparotomy,(
echoing(the(analysis(of(un*adjusted(mortality.(There(are(a(number(of(explanations(for(
this(lack(of(significance(and(inter*hospital(variation.(The(size(of(the(cohorts(at(some(of(
the(hospitals(were(relatively(small(and(underpowered(to(detect(a(significant(change(in(
unadjusted(mortality.(The(two(cohorts(were(not(matchedb(they(are(observational(data(
on(consecutive( inclusive(cases,(with(broad( inclusion/exclusion(criteria.(The(cohorts(
are( therefore( likely( to( vary( considerably( over( time( in( terms( of( age,( comorbidities,(
pathology,(operative(management(and(predicted(risk(of(mortality((as(demonstrated(in(
figures(3.17,(3.18,(3.19(and(3.20).( It(would( therefore(be( inappropriate( to(draw(any(
conclusions(from(the(crude(mortality(data(without(risk*adjusting(outcome(data.(
The(observed(variation(in(mortality(between(centres(mirrors(published(national(audit(
data(from(the(Emergency(Laparotomy(Network((Saunders(et(al.,(2012).(In(addition(to(
the(observed(inter*hospital(variation,(there(was(considerable(variation(in(each(hospital(
in( crude(mortality,( predicted(mortality( and( incidence( over( time( (see( section( 3.3.5,(
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figures(3.12*3.15).(This(demonstrates(the(importance(of(using(on*going(and(sustained(
data(collection(and(repeated(analysis(to(demonstrate(change(and(drive(improvement.(
Hospital(mortality((i.e.(mortality(outcome(at(discharge,(regardless(of(length(of(hospital(
stay)(results(did(not(vary(significantly(from(thirty*day(mortality.(All(hospitals(had(a(lower(
hospital( unadjusted(mortality( rate(after( implementation(of(ELPQuiC,(however(none(
reached(statistical(significance.(Overall,(in*hospital(mortality(was(4.7%(less((absolute)(
after( implementation( of( the( care( bundle,( however( this( did( not( reach( statistical(
significance((p=0.063).(The(majority(of(deaths(after(emergency(general(surgery(occur(
within( 30( days( of( the( primary( emergency( operation.( Indeed,( the( non*significant(
differences(between(pre(and(post(30*day(mortality(do(not(appear(until(around(15(days(
after(operation((Kaplan*Meier(analysis,(figure(3.9).(
Crude(mortality(purely(describes(the(mortality(outcome(and(does(not(reflect(individual(
or(population(risk(of(mortality.(Mortality(risk(after(surgery(is(a(complex(combination(of:(
•( Pre*existing(comorbidities((including(age(and(underlying(conditions)(
•( The(physiological(response(to(acute(pathology(
•( Subsequent(management(of(acute(pathology(
It(is(a(significant(challenge(to(accurately(assess(all(of(these(factors,(and(currently(the(
best( tool( for( the( pre*operative( prediction( of( mortality( after( surgery( is( P*POSSUM(
(Moonesinghe(et(al.,(2013,(Oliver(et(al.,(2015)(and(is(recommended(by(the(Higher'Risk'
General'Surgical'Patient(document((see(section(4.1.1).((
There(was(a(wide(range(of(predicted(mortality(in(each(group(and(therefore(meaningful(
conclusions(of(the(impact(of(the(ELPQuiC(bundle(on(mortality(can(only(be(drawn(after(
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the(results(have(been(adjusted(for(individual(patient(risk.(Each(patient(has(an(individual(
predicted(risk(of(mortality(after(emergency(surgery(and(it(is(their(individual(outcome(in(
relation(to(their(risk(that(is(most(interesting(in(the(analysis(of(observational(outcome(
data(like(that(collected(in(this(project.(
4.2.1.2(Risk(Adjusted(Mortality(
In( this( cohort( study( two( methods( of( risk( adjustment( were( employed( to( assess(
improvements( or( otherwise( in( mortalityb( observed:( expected( cumulative( sum( (O:E(
CUSUM)(analysis( and(a(binary( logistic( regression(model( to( compare( risk*adjusted(
mortality((section(3.3.1).(
O:E( CUSUM( analysis( of( consecutive( 30*day( mortality( (figure( 3.12( and( table( 3.6)(
demonstrated(a(statistically(significant(difference(in(the(rate(of(change(in(the(gradient(
of( a( linear( regression( fit( to( the( data.( The( gradient( of( the( linear( regression(model(
represents( the( rate( of( change(over( time( in( observed:expected(mortality( outcomes.(
Comparing(the(O:E(CUSUM(linear(regression(gradients(for(the(baseline(and(ELPQuiC(
periods(provided(an(assessment(of(differences(in(risk*adjusted(mortality.(The(CUSUM(
gradient( represented(overall(performance( in(comparison( to(expected(outcomes((as(
predicted( by( PPOSSUM)( *( expressed( as( lives( saved( per( 100( patients.( This( is( a(
hypothetical(valueb(however,(it(has(been(presented(in(this(form(as,(conceptually,(it(is(
easier( to(understand.( (For(306day'mortality,( the( results(demonstrated(a(statistically(
significant( improvement( in( lives( saved(per( 100(patients( (5.97( (95%(C.I.( 5.23*6.72,(
p<0.001).(All(hospitals(demonstrated(an(improvement(in(lives(saved(per(100(patients(
and(in(three(of(the(four(individual(hospitals(this(reached(statistical(significance.(The(
lack(of(significance(in(site(four(was(likely(a(reflection(of(it(having(the(smallest(sample(
size.(For( in6hospital'mortality((figure(3.13(and(table(3.7)(the(results(demonstrated(a(
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statistically(significant(improvement(in(lives(saved(per(100(patients(overall(and(for(all(
four(hospitals(individually((overall(8.11((95%(C.I.(7.42*8.81,(p<0.001).((
CUSUM(analysis( has( the( advantages( that( it( demonstrates( changes(over( time(and(
each(patient’s(outcomes(are(adjusted(for(their(individual(risk.((O:E(CUSUM(analysis(
of(30*day(and(in*hospital(mortality(demonstrated(a(statistically(significant(improvement(
in(risk*adjusted(mortality(over(time(after(implementation(of(the(ELPQuiC(bundle(for(all(
patients.(
The(second(approach(to(risk*adjusted(mortality(utilised(a(binary(regression(model(to(
compare(the(overall(risk*adjusted(mortality(between(the(pre*(versus(post*time(periods(
(sections(3.3.1.3(and(3.3.1.4).(Analysis(of(30*day(mortality((figure(3.7(and(table(3.7)(
demonstrated(an(overall(statistically(significant(change(in(the(adjusted(risk(of(death(
following(emergency(laparotomy(of(–0.06((95%(C.I.(–0.100(to(–0.021,(p=0.003),(i.e.(
6%(absolute(and(38%(relative(reduction(in(adjusted(30*day(mortality(risk.(However,(
none(of(the(four(hospitals(reached(statistical(significance(individually.(The(combined(
adjusted(risk(ratio(was(0.614((0.451(to(0.836,(p=0.002)b(only(site(2(reached(statistical(
significance(individually.(It( is( interesting(to(note(that(site(2(had(the(largest(cohort( in(
both( the( baseline( and( ELPQuiC( periods.( The( lack( of( statistical( significance( at( an(
individual(hospital(level(is(likely(a(reflection(of(the(relatively(small(sample(sizes(at(each(
hospital.(
Combination(of(data(from(all(four(sites(showed(that(there(was(a(statistically(significant(
reduction(in(the(adjusted(risk(of(in*hospital(mortality(of(–0.073((95%(C.I.(–0.114(to(–
0.033,( p<0.001),( i.e.( by( 7.3%,( representing( a( 42%( relative( reduction( after(
implementation(of(the(ELPQuiC(bundle((table(3.8).((Two(of(the(four(hospitals(reached(
statistical(significance(for(adjusted(in*hospital(mortality((sites(1(and(2,(the(two(largest(
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in( terms(of( case( numbers).( The( combined( relative( risk( of( in*hospital(mortality(was(
0.580((95%(C.I(0.432(to(0.778,(p<0.001).(Only(sites(1(and(2((the(two(largest(in(terms(
of(numbers(of(cases)(reached(statistical(significance.(Again,(the(lack(of(significance(at(
an(individual(hospital(level(is(likely(to(be(a(reflection(of(small(sample(sizes.((Overall,(
combined( data( analysis( demonstrates( a( statistically( significant( improvement( in(
adjusted( risk( and( risk( ratio( for( both( 30*day( and( in*hospital( mortality( after(
implementation(of(the(ELPQuiC(bundle.(
4.2.2(Post,operative(Length(of(Stay(of(survivors(to(hospital(discharge!
Length(of(hospital(stay(after(operation(of(survivors(was(chosen(as(a(surrogate(marker(
of(morbidity.(However,(it(can(be(argued(that(length(of(stay(is(not(purely(a(reflection(of(
morbidity(and(other(factors(such(as(social(placement( issues(contribute(to(extended(
lengths(of(hospital(stay.(
In( this(study,( there(was(no(difference( in(combined(median(post*operative( length(of(
hospital(stay(in(survivors((table(3.5,(figure(3.8,(figure(3.9).(Site(2(demonstrated(a(trend(
towards(reduction(in(median(length(of(stay((survivors)(of(2(days,(however(did(not(reach(
statistical(significance((p=0.0636).(The(lack(of(improvement(in(length(of(stay(could(be(
interpreted(as(reflecting(a(lack(of(impact(of(ELPQuiC(on(morbidityb(however,(changes(
in(risk*adjusted(mortality(must(be(considered.(Risk(adjusted(mortality(was(significantly(
less(after( implementation(of( the(ELPQuiC(bundle.(Therefore,(we(can(conclude(that(
some( high*risk( patients( who( survived( after( ELPQuiC( implementation( would( not(
previously(have(done(so.(The(same(factors(that(inform(risk(of(post*operative(mortality(
also( inform( the( risk( of( post*operative( complications.( Therefore,( these( high*risk(
survivors,(are(at(high*risk(of(mortality(and(morbidity.(Therefore,(one(could(argue(that(
post*operative(length(of(stay(and(morbidity(for(survivors(would(be(expected(to(increase(
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after(successfully(reducing(risk*adjusted(mortality.(Indeed,(in(one(of(the(participating(
hospitals((site(4)(median(post*operative(length(of(stay(for(survivors(was(11(days(for(
the(baseline(cohort(and(13(days(after(ELPQuiC(implementation,(although(this(did(not(
reach(statistical(significance.(It(is(therefore(possible(that(a(lack(of(difference(in(length(
of( stay( for( survivors,( in( the( context( of( a( significant( improvement( in( risk*adjusted(
mortality,(represents(an(improvement(in(comparison(to(the(expected(increase(in(length(
of(stay.(However,(analysis(of(predicted(mortality(of(survivors(before(and(after(ELPQuiC(
did(not(reveal(a(statistically(significant(difference.((
Another( factor( is( that( the( ELPQuiC( intervention( itself( could( change( the( predicted(
mortality(of(individual(patients.(The(bundle(elements(were(designed(to(ensure(prompt(
treatment,( thus( preventing( further( unnecessary( deterioration.( Therefore,( any(
improvements(in(care(after(ELPQuiC(should(correspond(to(less(severe(physiological(
compromise,(which,(in(turn,(should(correlate(to(a(reduced(risk(of(mortality.(However,(
this(also(was(not(borne(out(by(analysis(of(the(predicted(mortality(of(survivors(before(
and(after(ELPQuiC.(
4.2.3(Morbidity(
The( prevalence( of( post*operative( complications( were( assessed( using( the( Post*
Operative(Morbidity(Survey((POMS)(on(day(three(and(day(seven(after(surgery.(The(
severity( of( complications( were( graded( using( Clavien*Dindo( complication( severity(
grading(system((Grocott(et(al.,(2007b(Dindo(et(al.,(2004).((POMS(records(the(presence(
of(defined(complications( in(nine(systematic(categories( (pulmonary,( infection,( renal,(
gastrointestinal,(cardiovascular,(wound,(haematological,(neurological(and(pain).(The(
Clavien*Dindo(classification(system(grades(the(severity(of(complications(from(1(to(5,(
with( 1( being(minor( and( 5( being( immediately( life( threatening.(POMS( is( a( validated(
Chapter(4(*(Discussion(
 
 249 
morbidity(assessment(tool,(it(is(simple(and(reproducible.(However(individual(category(
definitions( are( broad,( non*specific( and( lack( assessment( of( the( severity( of(
complications.(For(these(reasons(POMS(data(were(augmented(with(the(Clavien*Dindo(
score(to(allow(assessment(of(the(severity(of(a(complication.(
POMS( and( Clavien*Dindo( defined( complication( data( were( collected( for( the( post*
ELPQuiC( implementation( period( on( days( three( and( seven.( Only( limited( baseline(
POMS(data(were(available(for(comparison.((There(were(no(significant(differences(in(
the( rates( of( individual( POMS*defined( complications( on( either( day( three( or( seven(
(section( 3.4.1).( Unexpectedly( the( rates( of( POMS*defined( pain( and( infection(
complications( on( day( three(were( greater( after( implementation( of( ELPQuiC( bundle(
(figure( 3.21( and( table( 3.10).( Similarly,( the( rates( of( POMS*defined( infection(
complications(on(day(seven(were(greater(after(implementation(of(the(ELPQUIC(bundle(
(figure(3.22(and(table(3.11).(It(is(possible(that,(with(increased(focus(on(this(group(of(
patients( that( a( higher( proportion( remained( on( antibiotics( post*operatively( (thereby(
fulfilling( the( POMS( infective( complication( criteria).( ( However,( it( may( also( reflect(
differences(in(the(process(of(data(collection.(None(of(the(hospitals(had(pre*existing(
baseline(data(for(complications(and(therefore(data(were(collected(retrospectively(to(
provide(baseline(data(for(comparison.(This(led(to(some(differences(in(the(way(data(
were(collected(between(the(pre*(and(post*implementation(cohorts.(Baseline(data(were(
collected(retrospectively( from(case(notes,(post*ELPQuiC( implementation(data(were(
collected(prospectively(and(contemporaneously(by(data(collection(personnel.(These(
differences(in(collection(methods(may(explain(some(of(the(unexpected(anomalies(in(
the(complication(data.((Due(to(difficulties(in(gaining(access(to(medical(records(and(the(
time*consuming(nature(of(complication(data(collection,(there(were(significant(missing(
data(in(the(baseline(group.(Site(2(was(running(a(concurrent(project(to(assess(post*
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operative( complications( after( emergency( general( surgery( and( thus( was( unable( to(
share(their(baseline(data.(The(Clavien*Dindo(grading(was(added(to(the(dataset(after(
retrospective( data( collection( and( therefore( no( baseline( Clavien*Dindo( data( are(
available(for(comparison.(It(is(included(in(the(results(section(for(completeness((tables(
3.12(&(3.13(and( figures(3.23(&(3.24).( It( is( interesting( to(note( that( the( incidence(of(
severe(complications,(as(defined(by(Clavien*Dindo(score(of(3(or(above,(particularly(
pain( and( infection,( are( considerably( less( than( the( incidence( of( POMS*defined(
complications.(
4.3(Process(Measures(
4.3.1(Early(warning(scores((EWS)(
Analysis(of(compliance(to(EWS(measurement(and(recording(demonstrates(that(three(
of(the(four(hospitals(improved(compliance(after(implementation(of(the(ELPQuiC(bundle(
(table(3.16,(figure(3.22).(However,(only(one(hospital((site(three)(had(a(near(complete(
baseline(dataset(with(only(2.3%(missing(data.(There(were(no(baseline(data(supplied(
by( site( two.( Sites( one( and( four( had( >15%( missing( data( for( the( baseline( period.(
However,( compliance( to( EWS( measurement/documentation( at( deterioration( was(
>65%(in(all(hospitals,(>75%(in(three(hospitals(and(>98%(in(two(hospitals.(Site(one(
only(achieved(65.1%(compliance(in(the(post*ELPQuiC(period:(during(this(time,(a(new(
electronic(system(was(being(introduced.(This(introduction(was(phased(across(wards(
over( time,( and(was( hampered( by( technological( issues.( This( led( to( confusion( over(
documentation((paper(versus(electronic)(and(made(data(collection(difficult.(
Statistical(process(control(charts((p*charts)(demonstrated(the(continued(improvement(
over( time( in( compliance( to( EWS( documentation( throughout( the( ELPQuiC( period,(
particularly(in(sites(one(and(two((figure(3.28).(This(demonstrated(the(added(value(of(
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recording(changes(in(compliance(over(time.(Compliance(for(a(certain(time(gives(an(
average(value(for(the(whole(periodb(compliance(over(time((in(this(case(groups(of(10(
consecutive(patients)(demonstrates(how(it(alters(over(the(whole(study(period.(Overall(
compliance( can(give(a(misleadingly( pessimistic( or( optimistic( view(of( improvement.(
Depicting(compliance(changes(over(the(course(of(the(project(can(reveal(improvement(
(or(lack(thereof)(otherwise(missed(by(only(studying(overall(or(average(compliance.(
Deterioration( of( critically( ill( patients( is( rarely( spontaneous.( There( is( evidence( from(
patients(who(have(a(cardiac(arrest( that( there(are(documented(signs(of(progressive(
deterioration( that( were( not( acted( upon( appropriately( in( the( hours( before( arrest(
(McQuillan( et( al.,( 1998).( Identifying( critically( ill( patients( and( patients( at( risk( of(
deterioration( promptly( allows( appropriate( and( timely( intervention( to( prevent( further(
deterioration( and( treat( the( underlying( conditions.( Early( warning( scores( are(
recommended( by( the( National( Institutes( of( Health( and( Clinical( Excellence( (NICE)(
(National(Institute(for(Health(and(Clinical(Excellence,(2007).(They(were(developed(to(
allow(early(identification(of(deteriorating(and/or(critically(ill(patients,(and(importantly(to(
prompt(escalation(of(care.(They(are(designed(to(measure(physiological(variables((the(
‘vital(signs’(of(life)(and(assign(a(weighted(score(to(each.(This(allows(identification(of(
patients( with( significant( physiological( derangement( from( normal( and( demonstrate(
progressive(changes(over(time.(The(score(is(recorded(by(nursing(staff(and(escalation(
protocols(prompt(medical(review(and/or(referral(to(the(critical(care(outreach(team.(
There(are(different(versions(in(widespread(use((for(example(Modified(EWS,(National(
EWS).(Some(EWS(scores( include(only(blood(pressure,(heart( rate,( respiratory( rate,(
body( temperature(and( level(of(consciousness((for(example(Modified(Early(Warning(
Scores(–(MEWSb(Stenhouse(et(al.,( (2000)).(Other(EWS(systems( include(additional(
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variables(such(as(oxygen(saturations,(pain,(blood(sugar(level(and(urine(output.(Each(
individual( EWS( version( assigns( different( values( to( each( parameter( and( thus( has(
different( cut*off( points( for( escalation( of( care.( Due( to( variation( in( scoring( systems(
between(hospitals(there(has(been(a(recent(move(by(the(Royal(College(of(Physicians(
to(standardise(early(warning(scores(across(the(NHS.(They(developed(and(advocated(
the(use(of(the(National(Early(Warning(Score((NEWS)(described(above((Royal(College(
of(Physicians,(2012).(During(the(ELPQuiC(study(some(hospitals(used(locally(defined(
MEWS(and(some(used(NEWS.( Indeed,(site(4(switched( from(using( local(MEWS( to(
NEWS( during( the( study.( Therefore,( analysis( of( actual( scores( before( and( after(
ELPQuiC(implementation,(and(their(relationship(with(outcomes(was(not(feasible.( ( It(
was(clear(from(the(ELPQuiC(compliance(data(that(some(of(the(hospitals(were(failing(
to(deliver(a(complete(early(warning(score(system(for(every(patient.(For(some(centres(
this(was(due(to(logistic(issues(with(the(introduction(of(electronic(systems((Site(1).(In(
other( cases,( it(was(not(possible( to(establish( if( or(when(early(warning(scores(were(
calculated( due( to( poor( documentation( or( observation( charts( missing( from( clinical(
notes.(In(some(centres(certain(departments((for(example(the(emergency(department)(
had(not(adopted(early(warning(scores(into(routine(clinical(practice(and(were(reluctant(
to(do(so.(
At(the(time(of(literature(review((prior(to(the(start(of(the(Emergency(Laparotomy(Quality(
Improvement( Care( Bundle( in( Dec( 2012),( there( were( few( publications( validating(
NEWS.(Since(then(there(have(been(several(publications(validating(it(in(different(clinical(
settings.( NEWS( has( been( validated( in( the( surgical( setting( (Neary( et( al.,( 2015),(
emergency( department( (Keep( et( al.,( 2015),( acute( admissions( (Smith( et( al.,( 2013b(
Abbott(et(al.,(2015b(Alam(et(al.,(2015b(Jarvis(et(al.,(2015b(Spiers(et(al.,(2015)(and(pre*
hospital(setting((Silcock(et(al.,(2015b(Williams(et(al.,(2016).(There(have(been(several(
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publications( that( have( added( biochemical( markers( to( NEWS( which( successfully(
improved(discriminatory(power((Jo(et(al.,(2016b(Mohammed(et(al.,(2013).((
Early( warning( scores( were( already( in( use( and( well*established( in( all( four( of( the(
participating(ELPQuiC(hospitalsb(all(were(using(local(adaptations(of(MEWS.(One(of(
the( participating( hospitals(moved( to(NEWS(mid*way( through( the(ELPQuiC( project(
(Site(4).(This(move(did(not(affect(their(compliance(which(remained(at(close(to(100%(
throughout.(Unfortunately,( the(disparity(between( the(scoring(systems(used( in(each(
hospital(and(the(changes(to(them(during(the(project(precluded(any(analysis(of(early(
warning( score( data( and( their( predictive( power( in( the( ELPQuiC( dataset.( Future(
research( should( focus( on( ensuring( that( NEWS( is( adopted( nationally,( and( further(
validation(of(NEWS(is(done(with(selected(patient(populations((e.g.(emergency(general(
surgery).(Analysis(of(accurate(pre*operative(physiological(and(biochemical(data(may(
allow(the(development(of(specific(early(warning(scoring(systems(for(specific(patient(
groups,(for(example(emergency(general(surgical(patients.(
4.3.2(Antibiotic(administration(
Compliance( to(administration(of(antibiotics(prior( to( theatre(significantly( improved( in(
sites(two(and(four(with(the(ELPQuiC(bundleb(however,(those(sites(had(>15%(missing(
data(for(their(baseline(data((figure(3.27(and(table(3.16).(Sites(one(and(three(had(little(
or( no(missing( baseline( data( but( did( not( demonstrate( a( significant( increase( in( the(
proportion(of(patients(receiving(antibiotics.((The(surviving(sepsis(campaign(and(other(
studies( have( repeatedly( demonstrated( the( importance( of( prompt( antibiotics( once(
sepsis( is( identified( (Levy( et( al.,( 2010).( They( showed( that( delays( with( antibiotics(
correlated(to(a(significant(increase(in(mortality((Kumar(et(al.,(2009).(Indeed,(one(study(
estimated(an(8%(increase(in(mortality(per(hour(delay(upon(administration(of(antibiotics(
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(Kumar(et(al.,(2009).((The(dataset(collected(for(the(ELPQuiC(project(included(time(of(
deterioration( and( time( of( administration( of( antibiotics.( However,( due( to( poor(
documentation( (particularly( of( the( time( of( deterioration),( data( were( not( complete(
enough(to(assess(time(to(administration(of(antibiotics.(
Some(patients(presenting(for(emergency(surgery(do(not(show(signs(of(sepsis(and(may(
be(at(lower(risk(of(infection((for(example(patients(with(gastrointestinal(bleeding(versus(
patients(with(visceral(perforation).((Some(clinicians(argued(that(the(administration(of(
pre*operative( antibiotics( was( not( a( fair( assessment( of( the( quality( of( pre*operative(
management( as( some( patients( do( not( display( signs( of( sepsis( prior( to( surgery.(
However,( all( patients( presenting(with( emergency(major( abdominal( crises( requiring(
surgery( are( at( risk( of( sepsis( and( deterioration,( regardless( of( underlying( cause.( In(
addition,( all( patients( undergoing( major( emergency( surgery( receive( prophylactic(
antibiotics(at( the(time(of(surgery.(The(project( team(consensus(was(that( it(would(be(
pragmatic(to(administer(antibiotics(to(the(sickest(general(surgical(patients(as(early(as(
possible,(regardless(of(the(presence(of(sepsis.(Analysis(of(compliance(to(pre*operative(
antibiotic(administration(for(only(those(patients(with(systemic(inflammatory(response(
syndrome((SIRS)(and/or(suspicion(of(intra*abdominal(perforation(revealed(compliance(
of(between(67%(and(95%,(with(three(out(of(the(four(hospitals(achieving(greater(than(
80%(compliance((table(3.16).(
Statistical(process(control(charts(were(used(to(demonstrate(time(to(antibiotics(and(time(
to(resuscitation(fluids(for(consecutive(patients((with(available(data)(over(the(course(of(
the(ELPQuiC(period.(Sites(one,(three(and(four(demonstrated(improvement(in(times(to(
antibiotics(over(the(course(of(ELPQuiC(implementation,(with(runs(of(more(than(five(
consecutive( patients( receiving( antibiotics( in( less( than( the(mean( time( (figure( 3.29).(
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Sites(one,(two(and(four(demonstrated(improvement(in(times(to(resuscitation(fluids(over(
the(course(of( the(ELPQuiC(period,(again(with( runs(of( consecutive(cases( receiving(
resuscitation(fluids(below(the(mean((figure(3.30).(
SSC(guidelines(were(updated(in(2013,(and(include(revision(of(recommendations(for(
the(choice(of(intravenous(resuscitation(fluids.(Recent(evidence(has(demonstrated(that(
not(only(are(colloids(not(of(clinical(benefit(but(that(modified(starch(administration(in(
sepsis( increases(the( incidence(of(renal( impairment(and(worsens(survival(outcomes(
(Perner(et(al.,(2012b(Myburgh(et(al.,(2012b(Perel(et(al.,(2012b(Schortgen(et(al.,(2001).(
Therefore,( the( 2013( SSC( guidelines( recommended( using( only( crystalloid( in(
resuscitation((initially(30ml/kg(and(more(if(required)(and(ongoing(fluid(given(in(bolus(
challenges.((This(has(been(reflected(in(a(change(of(practice(in(all( four(participating(
ELPQuiC(hospitals.(Other(than(these(changes(the(guidelines(remain(broadly(the(same(
in(respect(to(emergency(laparotomy(surgery(and(surgical(sepsis.(In(2014(and(2015(
three( landmark( trials( were( publishedb( Protocolised( Care( for( Early( Septic( Shock(
(ProCESS)( study( (Yealy( et( al,( 2014),( the( Australasian( Resuscitation( in( Sepsis(
Evaluation((ARISE)(study((Peake(et(al,(2015),(and(the(Protocolised(Management(in(
Sepsis( (ProMISe)( trial( (Mouncey( et( al,( 2015).( These( three( studies( all( randomised(
patients(to(receive(protocolised(sepsis(management(guided(by(central(venous(oxygen(
saturation((ScvO2),(with(the(same(inclusion(criteria(and(similar(intervention(protocols(
and(standard(care.(
The(ProCESS(study(randomised(patient(with(early(sepsis((suspected(infection,(two(or(
more( systemic( inflammatory( response( criteria,( refractory( hypotension( and/or(
lactataemia(of(>4mmol/l)(to(receive(either(standard(care,(protocolised(standard(care(
or( protocolised(early( goal( directed( therapy( (EGDT),(with( protocols( similar( to( those(
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used(in(the(original(Rivers(study((Yealy(et(al.,(2014,(Rivers(et(al,(2001).(Patients(were(
recruited( from( 31( Emergency( Departments( in( the( USA:( 429( were( randomised( to(
receive( EGDTb( 446( to( protocolised( standard( careb( and( 456( usual( care.( Sixty*day(
mortality(was(21%( in( the(EGDT(group,(18.2%( in( the(protocolised(standard( therapy(
group(and(18.9%(in(the(usual(care(group.(Differences(in(mortality(were(not(statistically(
significant(at(60(days,(90(days(or(one(year.(Regardless(of(group(all( patients(were(
identified(early,(received(antibiotics(prior(to(randomisation,(prompt(fluid(resuscitation(
and(other(aspects(of(emergency(care(promptly.(There(were(differences(in(aspects(of(
clinical(management(between(the(groups:(all(patients,(regardless(of(group(received(at(
least(a(median(2300ml(of(intravenous(fluid,(this(is(likely(to(represent(>20ml/kg,(though(
not(specified(in(the(publication.((
The(ARISE(study(was(conducted(predominantly(in(Australia(and(New(Zealand,(with(
contributions( from(Finland,(Hong(Kong(and( Ireland.( In( total(51(centres( randomised(
1600( patients( with( early( sepsis( (suspected( infection,( two( or( more( systemic(
inflammatory( response( criteria,( refractory( hypotension( and/or( lactataemia( of(
>4mmol/l)(to(receive(EGDT(or(standard(care.(The(EGDT(protocol(used(ScvO2(to(guide(
fluid( administration,( vasoactive( drugs( and( blood( transfusion( (Peake( et( al,( 2015).(
Again,(antibiotics(were(administered(prior(to(randomisation(and(all(patients(received(
reasonable(volumes(of(fluid(resuscitation.(Patients(in(the(EGDT(received(a(median(of(
200ml( more( intravenous( fluids( in( the( first( 6( hours,( however( the( standard( group(
received( 1713+/*1401ml( of( fluid( and( similar( proportions( received( >20ml/kg( of( fluid(
resuscitation( (~18%)( in( both( groups.(Mortality(was( 18.6%( in( the(EGDT(group( and(
18.8%(in(the(standard(group((Peake(et(al,(2015).(
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The(ProMISe(trial(was(based(in(56(hospitals(in(England((Mouncey(et(al,(2015).(As(with(
the(ProCESS(and(ARISE(trials,(patients(with(early(sepsis(were(randomised(to(receive(
protocolised( EGDT( (n=630)( or( usual( care( (n=630).( Patients( in( the( EGDT( group(
received( more( intravenous( fluids,( vasoactive( drugs( and( blood( transfusion,( and(
required(longer(duration(of(cardiovascular(and(intensive(care(support.(Patients(in(the(
EGDT(group(received(more(fluid(in(first(6(hours((median(2000(vs(1784(ml),(but(patients(
in(usual(care(group(received(larger( initial(volume.(Conversely,(patients( in(the(usual(
care(group(received(more(fluid(later(in(their(care((3623(vs(3981mls(between(6(and(72(
hours( after( randomisation).( Similar( proportions( of( patients( received( >20ml/kg(
crystalloid((93.7(vs(95.5%)(in(each(group.(There(was(no(significant(difference(in(90*
day(mortality((29.5%(in(the(EGDT(group(and(29.2%(in(the(usual(care(group)(or(quality(
of( life( at( 90*days.(Mortality(was(higher( in(ProMISe( than(ARISE(or(ProCESS( (both(
~19%( in( standard(care(group),( however(a(greater(proportion(of( patients(had(more(
severe(disease(at(presentation(as(evidenced(by(a(higher(proportion(of(patients(with(
hypotension(and(raised(blood(lactate(in(the(ProMISe(trial(when(compared(to(ARISE(
and(ProCESS((Yealy(et(al.,(2014,(Peake(et(al.,(2015,(Mouncey(et(al.,(2015).(
The(mortality( in(these(three(recent(trials(differs(from(that(observed(by(Rivers(et(al.,(
(2001b(30.5%(EGDT(group(and(46.5%(in(standard(group)(This(may(be(due(to(care(
setting,(mortality(rates(were(higher(in(ProCESS((US(study)(than(ARISE((multinational(
study)( and( ProMISe( (UK( study).( There( are( some( suggestions( that( the( population(
studied(by(Rivers(et(al(were(more(severely(unwell(at(randomisation(as(evidenced(by(
a( higher( serum( lactate( concentration.( Indeed,( unlike( in( the( Rivers( et( al( cohort,( a(
proportion(of(patients(in(each(of(the(ProMISe,(ARISE(and(ProCESS(studies(did(not(
require(intensive(care(management.((Standard(care(may(have(been(contaminated(by(
elements(of(EGDT(protocols.((However(in(all(three(studies,(the(EGDT(group(received(
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significantly(greater(compliance(to(the(protocol(elements(and(no(participating(hospitals(
had(a(sepsis(management(protocol(prior(to(recruitment(into(the(studies(and(there(is(
evidence(to(demonstrate(a(steady(decline(in(sepsis(related(mortality(over(that(period(
(Stevenson(et(al.,(2014b(Kaukonen(et(al.,(2014).(Differences(in(mortality(may(be(due(
to(generalised(improvements(in(sepsis(and(critical(care(management(over(interim(15(
years.( In(all( three( recent(publications( (ProCESS,(ARISE(and(ProMISe)(sepsis(was(
detected(early,(antibiotics(were(administered(before(randomisation(and(the(majority(of(
patients,(regardless(of(group(allocation,(received(>20ml/kg(fluid(resuscitation( in( the(
first(six(hours.(It(is(therefore(likely(that(an(overall(high(standard(of(care(has(negated(
any( potential( additional( benefit( in( guiding( resuscitation( using( invasive( ScvO2(
monitoring(as(standard(in(the(initial(management(of(severe(sepsis.(
4.3.3(Time(to(operating(theatre(
There(were(improvements(in(all(four(hospitals(in(the(time(between(decision*to*operate(
and(arrival(in(the(operating(theatre((table(3.16,(figure(3.27).(However,(baseline(data(is(
lacking,(with(all(four(hospitals(having(>15%(missing(data(within(their(baseline(cohorts.(
Documentation( of( time( of( decision( for( theatre( was( poor,( and( hence( retrospective(
collection(of(these(data(was(challenging.((Surrogate(times,(such(as(the(time(of(theatre(
booking,(were(also( inconsistently(documented,(and( in(some(cases(documented(on(
booking(forms(that(were(not(kept(on(record(after(a(certain(time(period.(It(was(therefore(
impossible( to( collect( a( complete( dataset( for( the( baseline( data( that( was( collected(
retrospectively.(This(element(of(the(ELPQuiC(bundle(is(the(most(complex.(The(metric(
(time( from( decision( to( theatre)( measures( the( process( of( getting( patients( into( the(
operating(theatre(once(a(decision(had(been(made.(Thus,(this(metric(does(not(assess(
efficiency(of( care(processes(prior( to( the(decision( to(operate.(Other(aspects(of( this(
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bundle( element(were( designed( to( improve( the( efficiency( of( pre*operative( and( pre*
decision(processes.(This(included(prompt(review(by(the(senior(surgeon((registrar(level,(
post( MRCS( examination),( timing( of( CT( scanning( (time( from( booking( to( CT),( pre*
operative(surgical(consultant(review.(This(level(of(detailed(process(data(relied(on(good(
documentation,(which(was(often(lackingb(no(baseline(data(were(available.((
The(statistical(process(control(charts(looking(at(changes(over(time((for(available(data)(
demonstrated(some(evidence(of(improvement(in(time(to(theatre(and(time(to(CT(scan(
over( time( during( the( ELPQuiC( period( (figure( 3.31).( Sites( one,( three( and( four(
demonstrated(improvements(in(time(to(CT(scan((runs(of(five(or(more(consecutive(case(
below(the(mean).(All(four(sites(show(improvement(in(times(from(decision(to(theatre,(
with(repeated(runs(of(times(to(theatre,(for(consecutive(cases,(below(the(mean((figure(
3.32).(
Since(the(ELPQuiC(project(several(publications(have(added(to(the(evidence(for(prompt(
surgical(intervention.((Azuhata(et(al.,((2014)(reported(time(to(source(control(in(sepsis(
secondary(to(intestinal(perforation.(The(study(directly(related(delays(in(source(control(
surgery(and(mortality.((Mortality(was(2%(for(delays(of(less(than(two(hoursb(22%(for(
delays(of(two(to(four(hoursb(45%(for(delays(of(four(to(six(hoursb(and(100%(for(delays(
greater( than( six( hours.( The( study( also( reported( that( survivors( received(more( fluid(
within(the(first(two(hours,(highlighting(the(importance(of(prompt(surgical(intervention(
and(fluid(resuscitation.(Another(recent(study(looked(at(early(liver(dysfunction((ELD)(in(
421( patients( with( intra*abdominal( infections( (IAIs).( Development( of( ELD( was(
associated(with(a(higher(in*hospital(mortality(and(a(longer(intensive(care(length(of(stay.(
Patients(who(underwent(source(control(within( less(that(24(hours(had(a(significantly(
lower(rate(of(ELD((Guo(et(al.,(2015).((
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4.3.4(Goal(Directed(Fluid(Therapy(
Every(hospital(significantly(improved(the(numbers(of(patients(receiving(intraoperative(
goal(directed(fluid(therapy.(This(was(demonstrated(by(overall(significant(increases(in(
compliance(in(all(four(participating(hospitals((figure(3.27,(figure(3.33,(table(3.16).(Some(
hospitals(improved(more(than(others(in(this(goal,(site(two(for(example(received(some(
resistance( from( some(members( of( the( anaesthetic( consultant( body(which( led( to( a(
much(slower(uptake(in(use(of(GDFT.(Changing(attitudes(towards(specific(interventions(
is( challenging,( particularly( of( more( senior( clinicians( with( significant( experience( of(
providing( care( without( cardiac( output( monitoring.( Site( two( also( suffered( technical(
issues( with( two( consecutive( cardiac( output( monitors,( which( delayed( the(
implementation(process.(
Site(one( improved(provision(of(GDFT( from(63( to(92%,(with(evidence(of( continued(
improvement(on(SPC(p*chart(analysis.(Site(two(also(improved(from(16(to(58%(with(
on*going( improvement( throughout( the( ELPQuiC( period( (as( shown( in( the( p*chart(
analysis(figure(3.29).(Site(three(improved(from(30(to(82(%(and(site(four(from(5(to(49%.(
There(were(clearly(differences(in(the(overall(successful(implementation((both(in(terms(
of(improvement(and(achieved(compliance(of(GDFT)(This(is(likely(to(reflect(individual(
hospitals’(existing(attitudes(and(culture(towards(a(particular(intervention.(For(example,(
site( one( chose( intra*operative( goal( directed( fluid( therapy( as( a( Commissioning( for(
Quality( and( Innovation( (CQUIN)( target.( CQUINs( are( a( funding( stream( aimed( at(
rewarding(and(encouraging(care(quality(measures.(Some(targets(are(compulsory((for(
example(thromboprophylaxis(assessment(for(in(hospital(venous(thrombosis),(others(
can( be( chosen( by( hospitals( and( their( commissioners.( This( financial( incentive(was(
clearly(one(successful(means(of(improving(the(quality(of(patient(care.((
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Post*operative(GDFT(has(been(shown(to(improve(outcomes(after(surgery((Pearse(et(
al,(2005)(and(as(part(of(enhanced(recovery(after(surgery(programmes((Jones(et(al,(
2013).(Therefore,(six(hours(of(GDFT(was(included(as(a(goal(within(this(element(of(the(
ELPQuiC(bundle.(Cardiac(output(monitoring(is(a(technical(procedural(measurement(
that(can(only(be(performed(in(a(high*dependency(or(critical(care(area,(for(example(in(
intensive(care(or(post*anaesthetic(care(unit.(Therefore,(compliance(to(the(proportion(
of( patients( receiving( post*operative( GDFT( will( be( reliant( on( the( availability( and(
utilisation(of(post*operative(intensive(care(or(an(appropriate(alternative((extended(stay(
on( the( post*anaesthetic( care( unit( or( high*dependency( care( area).( All( hospitals(
improved(the(proportion(of(patients(receiving(post*operative(GDFT((table(3.16,(figure(
3.27,(figure(3.34).(Baseline(data(was(not(available(for(site(2,(however(SPC(analysis(
demonstrates( a( continued( trend( of( improvement( over( the( implementation( period(
(figure(3.34).(
GDFT(involves(using(complex(technology(to(estimate(cardiac(output.(Methods(include(
oesophageal( Doppler( and( arterial( pressure( waveform( pulse( contour( analysis( and(
arterial( pressure( waveform( pulse( power( analysis.( Oesophageal( Doppler( requires(
placement( of( a( Doppler( probe( within( the( oesophagus.( Once( focused,( the( probe(
measures(the(speed(of(blood(travelling(through(the(descending(aorta(from(the(shift(in(
frequency(of(reflected(ultrasound(waves((the(Doppler(effect).((Patient(height(is(used(
to( estimate( the( cross*sectional( area( of( the( descending( aorta( from( which( the(
descending(aortic( flow(can(be(estimated.(This( is( then(extrapolated( to(estimate( the(
cardiac(output((by(assuming(that(a(constant(~25%(of(cardiac(output(goes(to(the(brain(
and( upper( limbs).( Using( the( oesophageal( Doppler( requires( training( and( can( only(
realistically(be(used(in(patients(who(are(anaesthetised(or(sedated(on(a(ventilator(in(
intensive(care.(Arterial(pressure(waveform(analysis(requires(insertion(of(a(cannula(into(
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an(artery((usually(radial)(to(directly(measure(pressure.(The(pressure(waveform(is(then(
analysed(by(the(LIDCORapidtm(monitor(using(an(algorithm(to(estimate(nominal((un*
calibrated)( cardiac( output,( stroke( volume( and( other( variables( (e.g.( stroke( volume(
variation).(These(nominal(values(can(then(be(used(to(assess(trends(in(stroke(volume(
and( cardiac( output( over( time( and( in( response( to( interventions( (for( example( an(
intravenous(fluid(bolus).(The(LIDCORapidtm(monitor(has(the(advantage(of(the(ability(
to(use(on(awake(patients.((However,(there(is(potential(for(misleading(results(in(self*
ventilating(patients(as(changes(in(intra(thoracic(pressure(are(greater(and(can(affect(
cardiac(output(over(the(respiratory(cycle.(The(disadvantages(of(using(LIDCORapidtm(
are(that(the(estimation(of(cardiac(output(is(based(on(a(mathematical(algorithm(and(the(
shape(of(the(arterial(pressure(waveform((i.e.(not(a(direct(physiological(measurement),(
and(it(provides(uncalibrated(estimates(of(cardiac(output(and(is(therefore(only(useful(
as(a(monitor(of(trend(and(responses(to(interventions.(The(advantages(of(oesophageal(
doppler(cardiac(output(measurement(are(that(it(is(a(direct(measure(of(a(physiological(
variable.(It(does(however(make(a(number(of(assumptions(in(transforming(the(speed(
of(blood( travelling( in( the(descending(aorta.( It(assumes( that( the(proportion(of(blood(
travelling( to( the( head( and( upper( limbs( is( a( fixed( proportion( of( the( cardiac( output(
(~25%).(This( is(not(unreasonable( in( steady(state,(however(during(anaesthesia( the(
relative(vascular(resistances(of(the(upper(and(lower(body(and(cerebral(blood(flow(will(
change(in(response(to(anaesthetic(drugs,(techniques((for(example(thoracic(epidural(
will( decrease( lower( limb( vascular( resistance( only),( and( intra*operative( events( (for(
example(significant(blood( loss).(The(assumptions(made( in(estimating(physiological(
variables(vary(for(different(methods(of(measurement.((It(is(therefore(essential(when(
using(any(measurement(device(that(the(operator(understands(how(it(works(and(the(
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assumptions( made,( to( enable( an( informed( clinical( decision,( based( not( only( on(
measurement(results(but(also(on(each(patient’s(overall(condition.(
Since( the( conclusion( of( the( ELPQuiC( study( there( have( been( several( publications(
concerning(the(use(of(goal(directed(fluid(therapy(for(high(risk(surgical(patients.(The(
OPTIMISE( study( (Pearse( et( al,( 2014)( was( a( multi( centre( (17( UK( hospitals)(
randomised,(observer*blinded(trial(of(peri*operative(goal(directed(fluid(therapy((GDFT)(
versus( standard( care( for( patients( undergoing( high*risk( gastro*intestinal( surgery.((
Patients(were(randomised(to(receive(cardiac(output(monitor(guided(intravenous(fluids(
and(dopexamine(infusion(intra*operatively(and(for(six(hours(post(operatively((n=368),(
or( usual( care( (n=366).( ( High*risk( patients( were( those( with( pre*defined( criteria(
(including( age( >65,( significant( comorbidities( or( emergency( surgery).( Emergency(
surgery(accounted(for(3.3%(of(GDFT(group(and(3.6%(of(usual(care(group.(The(primary(
outcome(was(a(composite(of(moderate(and(major(complications(and(death(within(30(
days.(Primary(outcome(was(observed(in(36.6%(of(the(GDFT(group(and(43.4%(of(the(
usual(care(group,(however( this(did(not( reach(statistical(significance((p=0.07)b( there(
were(no(differences(in(secondary(outcomes.(
The( meta*analysis( included( in( the( OPTIMISE( publication( updated( the( Cochrane(
review( “Perioperative( increase( in( global( blood( flow( to( explicit( defined( goals( and(
outcomes(following(surgery”((Grocott(et(al.,(2013)(as(discussed(in(section(1.9.5.(This(
meta*analysis( identified( an( additional( seven( trials( for( inclusion(with( the( original( 31(
trials.(The(updated(meta*analysis(identified(a(statistically(significant(decrease(in(post*
operative( complications(with( the( use( of( peri*operative(GDFT( (Pearse( et( al,( 2014).(
Despite(a(continued(lack(of(specific(trials(in(emergency(general(surgery,(the(addition(
of( the( OPTIMISE(meta*analysis( supports( the( continued( use( of( GDFT( in( high*risk(
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emergency(general(surgery.(Future(research(should(focus(on(identifying(the(optimal(
fluid(management( strategy( for( patients( undergoing( emergency( laparotomy( surgery(
with(adequate(study(power.(
4.3.5(Post,operative(intensive(care(
Three(of(the(four(hospitals(demonstrated(a(significant(improvement(in(the(number(of(
patients(cared(for(in(intensive(care(post*operatively((sites(one,(three(and(four,((table(
3.16,( figure( 3.27).( Each( hospital( had( limited( intensive( care( resources( and( the(
improvements( achieved( were( using( existing( resources.( At( the( time( of( ELPQuiC(
implementation,(site(one(had(16( intensive(care((level(2&3)(beds(and(438( in*patient(
beds((3.65(level(2/3(beds(per(100(in*patient(beds)(for(an(estimated(local(catchment(
population(of(320,000.(Site(two(had(11(available(intensive(care(beds(and(590(in*patient(
beds((1.9(level(2/3(beds(per(100(in*patient(beds)(for(a(population(of(500,000.(Site(three(
had(13(intensive(care(beds(and(850(in*patient(beds((1.53(level(2/3(beds(per(100(in*
patient(beds)(for(a(population(of(460,000.(Site(four(had(8(intensive(care(beds(and(600(
hospital( in*patient(beds( (1.3( level2/3(beds(per(100( in*patient(beds)( for(an(average(
population(of(300,000.(The(National(Emergency(Laparotomy(Audit((NELA)(published(
its(report( into(organisational(aspects(of(emergency(surgery(services(provision( in(all(
UK(hospitals.(The(number(of(critical(care(beds(available(to(surgical(patients(per(100(
hospital(beds(varied(between(1(and(14.4( (median(2.7,( interquartile( range(2.2–3.5).(
The(relative(lack(of(available(surgical(intensive(care(beds(in(some(hospitals(will(hinder(
improvement(efforts.(The(Royal(College(of(Surgeons(has( recommended( that,(as(a(
minimum,(all(patients(with(a(predicted(mortality(risk(of(>5%(should(be(nursed(in(an(
intensive(care( (level2/3)(area(post(operatively( (Anderson(et(al.,(2011).(Thus,(some(
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hospitals( must( increase( intensive( care( bed( numbers( and( associated( resources( to(
comply(with(this(recommendation.((
Since( the(ELPQiuC(project,( further( evidence( has( demonstrated( that( hospitals(with(
good(outcomes(also(have(better(access(to(CT(scanning(and(intensive(care.(In(a(study(
of(UK(NHS(hospital(episode(statistics((HES)(data,(a(group(of(high*performing(hospitals(
was(compared(to(a(group(of(poorly*performing(group((Symons(et(al,(2013).((HES(data(
were(used(to(identify(high*risk(emergency(general(surgical(diagnoses((those(with(>5%(
national( 30*day( mortality).( Overall,( 30*day( mortality( was( 15.6%,( ranging( between(
9.2%( and( 18.2%( in( individual( centres.( The( study( identified( outliers( for( mortality.(
Intensive( Care( bed( availability( and( the( use( of( radiological( investigations( were(
independent( predictors( of( a( reduced( mortality( rate.( Low( mortality( hospitals( had(
significantly(more( intensive(care(beds( (per(1000(hospital( beds)( than(high(mortality(
trusts((20.8(versus(14.0,(p=0.017),(used(more(CT(scanning((24.6(versus(17.2(scans(
per(bed(per(yearb(p<0.001)(and(ultrasound((42.5(versus(30.2(scans(per(bed(per(yearb(
p<0.001)( (Symons( et( al.,( 2013).( Ozdemir( et( al( (2016)( also( identified( variation( in(
process(and(outcome(performance(between(centres.(They(found(that(hospitals(with(
lower(mortality(had(higher(staffing(levels(and(increased(access(to(emergency(theatre(
and( post*operative( intensive( care.( Using( a( national( database,( Gillies( et( al( (2015)(
studied(16,147(patients(admitted(to(critical(care(following(surgery(in(the(UK(in(2009.(
They(identified(significant(regional(variation(in(mortality,(even(when(adjusted(for(case*
mix( and( regional( critical( care( bed( provision.( Lower( mortality( was( associated( with(
higher( critical( care( bed( utilization( (surgical( critical( care( admissions( per( 100,000(
patients,(Gillies(et(al,(2015)(These(studies(echo(the(variability(in(mortality(outcomes(
and(processes(of(care(between(centres(highlighted(by(Saunders(et(al(((2012).(These(
studies(provide(evidence(that( increased(access(to( intensive(care(and(pre*operative(
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investigations( (in( emergency( general( surgery)( is( associated( with( better( patient(
outcomes.( Increasing( access( to( pre*operative( investigations( and( post*operative(
intensive(care(has(the(potential(to(improve(outcomes(for(poorly(performing(institutions.(
This(provides(further(evidence(for( increasing(access(to(pre*operative( investigations(
and(post*operative(intensive(care,(which(continue(to(be(quality(improvement(goals(in(
the(National(Laparotomy(Audit((NELA)(dataset.(However,(in(a(conflicting(study,(Kahan(
et( al( (2017)( failed( to( demonstrate( a( survival( benefit( association( with( critical( care(
admission(after(elective(surgery((Kahan(et(al,(2017).(Data(was(collected(on(44,814(
elective(surgical(patients(from(27(countries(over(a(7*day(period.(There(was(a(higher(
mortality(in(patients(admitted(to(intensive(care(when(compared(to(those(admitted(to(
the( ward( after( surgery,( even( after( risk( adjustment.( This( is( likely( to( represent( the(
inherent( increased(mortality( risk( of( patients( requiring( intensive( care( (i.e.( selection(
bias),(rather(than(direct(harm(of(intensive(care(per(se.(The(findings(of(this(study(could(
be(interpreted(as(evidence(that(critical(care(after(elective(surgery(provides(no(benefit.(
However,( the(results(are(compounded(by(potential( inaccuracies(of(generalised(risk(
prediction(and(international(and(inter*hospital(differences(in(the(quality(of(ward(care(
and( staffing.( This( study( included( only( elective( surgery.( The( risk( of( morbidity( and(
mortality( is( significantly( higher( after( emergency( surgery,( therefore( emergency(
laparotomy(patients(are(more(likely(to(require(organ(support(immediately(after(surgery(
and(are(at(higher(risk(of(complications(requiring(intensive(care(admission.(Therefore,(
despite(these(findings,(prophylactic(intensive(care(admission(remains(appropriate(for(
high(risk(patients(undergoing(emergency(abdominal(surgery.(
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4.3.6(Intraoperative(Consultant(involvement(during(the(ELPQiuC(project(
Site(one(increased(consultant(anaesthetic(presence(in(theatre(significantly(from(39(to(
82%((p<0.001).(Site(three(already(had(excellent(consultant(anaesthetic(input((91%)(
but( managed( to( improve( this( further( to( 98%,( though( this( did( not( reach( statistical(
significance.( Improvements( in( intra*operative(consultant(anaesthetic(presence(were(
only(modest(in(sites(two(and(four,(neither(reaching(statistical(significance((table(3.16,(
figure( 3.27,( figure( 3.36).( There( was( no( clear( reason( why( consultant( engagement(
lagged(in(these(two(sites,(however(this(poor(compliance(was(mirrored(in(other(peri*
operative(areas((e.g.(adoption(of(goal(directed(fluid(therapy)(suggesting(difficulties(in(
changing(local(attitudes(and(culture.(
In( terms( of( intra*operative( consultant( surgical( input( significant( improvements(were(
made( in( site( one.( Site( two( again( made(modest( (non*significant)( improvements( in(
consultant(surgical(presence(in(theatre.(Sites(three(and(four(already(had(a(culture(of(
consultant*delivered( care( and( thus( the( modest( improvements( from( already( good(
compliance( failed( to( reach( significance( (table( 3.16,( figure( 3.27,( figure( 3.37).( ( Of(
interest,(at(site(two,(there(were(several(highly*respected(non*consultant(career(grade(
surgeons(who(provided(some(of(the(emergency(surgical(services(and(there(appears(
to( have( been( an( acceptance( that( these( clinicians( did( not( require( consultant(
supervision,(despite(the(high*risk(nature(of(emergency(major(general(surgery.(This(is(
not(necessarily( inappropriate,(however,(and( local(staffing(arrangements(must(be(at(
the(discretion(of(the(individual(hospital(and(relevant(departments.((However,(this(does(
reflect( difficulties( in( using( the( presence( of( consultants( as( a( sole( criterion( for(
improvement(of(compliance.(
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There(has(been(recent(interest(in(clinician(involvement(in(high(risk(emergency(surgery.(
A( recent( study( identified(a( variety( of(modifiable( factors( associated(with( lower( risk*
adjusted(mortality(after(emergency(high*risk(surgery.(These(factors( included(higher(
clinician( and( nursing( staffing( levels,( increased( access( to( emergency( theatres( and(
increased(access(to(post*operative(intensive(care((Ozdemir(et(al,(2016).(
4.3.7(Site(specific(improvements(and(challenges(
All(sites(made(improvements(in(some(areas(and(not(in(others,(but(areas(of(success(
and(difficulty(were(not(consistent(between(participating(sites.(Site(one(was(successful(
in(improving(time(to(theatre(in(less(than(six(hours,(goal*directed(fluid(therapy,(post*
operative(intensive(care(and(both(consultant(anaesthetist(and(surgeon(involvement(in(
theatre.( There( was( only( modest( improvement( in( early( warning( scores( and( little(
improvement(in(the(proportion(of(patients(receiving(pre*operative(antibiotics.(This(was(
in(spite(of(dedicated(poster(campaigns(and(teaching(of(junior(medical(staff(in(several(
of(the(relevant(admitting(specialties((emergency(department,(surgery,(medicine).(This(
suggests(excellent(engagement( from(senior(surgeons,( the(anaesthetic(department,(
radiology(and(intensive(care.(But(the(project(appears(to(have(had(less(of(an(influence(
on(admitting(ward(care,(nursing(and(junior(staff.(
Site(two(demonstrated(good(compliance(with(early(warning(scores,(and(improvements(
in(pre*operative(antibiotics,(goal*directed(fluid( therapy(and(decision( to( theatre( time.(
However,(it(struggled(to(improve(post*operative(intensive(care(and(consultant(input.(
This(suggests,(as(outlined(above,(a(lack(of(appropriate(numbers(of(intensive(care(beds(
and(associated(resources.(Site(two(also(failed(to(improve(consultant(input(suggesting(
a( lack( of( engagement( of( senior( anaesthetists( and( surgeons,( and( difficulties( in(
changing(a(fixed(culture.(
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Site( three(demonstrated( improvements( in(early(warning(scores,(decision( to( theatre(
and( goal( directed( fluid( therapy.( The( baseline( data( demonstrates( that( emergency(
laparotomies( were( already( predominantly( delivered( by( consultant( surgeons( and(
anaesthetists.(There(was(a(non*significant(decrease((75%(baseline,(65%(ELPQuiC)(
in(the(number(of(patients(receiving(pre*operative(antibiotics.(These(observations(may(
reflect( the( relatively( small( baseline( cohort( and/or( differences( in( the( data( collection(
methods(between(the(baseline(and(ELPQuiC(periods.(
Site( four( demonstrated( excellent( compliance( to( early( warning( scores,( antibiotic(
administration( and( time( to( theatre( in( less( than( six( hours.( There( was( significant(
improvement(in(goal*directed(fluid(therapy.(There(was(improvement(in(post*operative(
intensive( care( and( less( so( for( consultant( involvement.( This( demonstrated( that(
(acknowledging(missing(data(for(the(baseline(period)(there(was(already(a(culture(for(
recording(early(warning(scores,(administration(of(antibiotics(and(prompt(intervention.(
Improvement( in( intraoperative( and( postoperative( goals( were( somewhat( modest(
implying(a(slower(change(in(attitudes(and(behaviour.(
Of( interest,(although(not(evidence(of(causality,(sites(three(and(four(had(the(highest(
baseline( compliance( to( consultant( input( and( the( lowest( observed( crude( 30*day(
mortality.( ( These( differences( in( areas( of( success( and( difficulty( demonstrate( the(
importance(of( site*specific( improvement( programs( that( are( responsive( to( identified(
local(requirements.(They(also(demonstrate(that(improvement(is(a(process(over(time.(
In(some(areas(of(the(hospital(there(was(already(a(culture(that(meant(compliance(was(
high,(or(that(improvement(was(embraced(and(rapid.(In(other(areas(improvement(was(
challenging( and( slow.( It( would( be( of( interest( to( re*visit( compliance( to( assess( if(
improvements(have(been(sustained,(continued(and(embedded.(
Chapter(4(*(Discussion(
 
 270 
(4.4(The(Quality(Improvement(Process((
Using( a( collaborative,( protocolised( and( evidence*based( quality( improvement(
methodology( was( associated( with( improvements( in( process( measures( and( risk*
adjusted(mortality(following(emergency(laparotomy.(Important(aspects(that(could(have(
had( positive( impact( on( the( success( of( the( project( include( multidisciplinary(
collaboration,(use(of(the(Model(for(Improvement((Langley(et(al,(2009)(and(repeated(
plan,( do,( study,( act( (PDSA)( cycles.( Collaboration( between( centres( allows(
benchmarking(of(baseline(processes(and(outcomes,(encourages(healthy(competition,(
allows( cross*fertilisation( of( ideas( and( provides( continued( external( support( and(
enthusiasm.( The( Institute( for( Healthcare( Improvement( (IHI)( breakthrough( series(
details( a( structured( approach( to( accelerated( improvement( in( healthcare( provision,(
through( collaboration( and( quality( improvement.( The( breakthrough( series( was(
developed(to(bridge(the(gap(between(what(we(know((i.e.(evidence(based(medicine)(
and(what(we(do(in(clinical(practice.(The(projects(began(with(a(group(of(experts(setting(
evidence*based(guidelines(and(standards.(These(were(then(implemented(in(recruited(
centres( through( interdisciplinary( and( inter*hospital( collaboration,( repeated( PDSA(
cycles( and( face*to*face( collaborative( learning( sessions.( Team( representatives(
delivered(local(quality(improvements(and(attended(face*to*face(learning(sessions(over(
the( course( of( the( projects.( Such( collaborative( projects( have( demonstrated(
improvements(in(a(variety(of(settings(such(as(reducing(intensive(care(costs,(reducing(
waiting( times,( reducing( asthma*related( hospital( attendances( and( reducing( hospital(
admissions(in(heart(failure((Institute(for(Healthcare(Improvement,(2003).(The(ELPQuiC(
project( has( used( a( similar( structure( and( demonstrates( the( effectiveness( of( quality(
improvement(and(collaboration(in(emergency(general(surgery.(( 
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Standardisation(of(processes(via(clinical(guidelines(and(protocols(allows(clinicians(to(
ensure( patients( benefit( from( evidence*based( high*quality( care.( The( use( of( care(
bundles( and( designated( clinical( documentation( ensures( clinicians( caring( for( acute(
surgical(patients(have(a(clear(and(ready(reference(to(expected(standards(of(care.(Any(
deviations(must(therefore(be(justified,(intentional(and(thought*out,(rather(than(merely(
unintended( consequences( of( a( lack( of( awareness( of( current( best( practice.(
Protocolised( care( allows( accurate( on*going( measurement( of( compliance( and(
associated( outcomes,( examples( include( the( surviving( sepsis( campaign( (SSC)( and(
enhanced(recovery(after(surgery((ERAS)((Nicholson(et(al,(2014b(Levy(et(al,(2015).(
Care(bundles(were(originally(described(by(the(IHI(in(2001((Resar(et(al,(2012).(Ideally,(
bundles( should( have( three( to( five( elements,( each( element( is( essential,(
uncontroversial,( clear*cut,( evidence*based( and( agreed( by( the( implementing( team(
(Peden( et( al,( 2012b( Resar( et( al,( 2012).( Established( successful( care( bundles( are(
described(in(specific(care(settings,(for(example(central(venous(catheter(and(ventilator(
care( bundles( (Resar( et( al.,( 2005b( Pronovost( et( al.,( 2006).( The( ELPQuiC( bundle(
describes(care(goals(covering(the(patient(pathway(from(emergency(admission(into(the(
post*operative(period.(This(increases(the(challenge(of(implementation,(reliability(and(
sustainability.( Despite( these( challenges,( all( participating( hospitals( successfully(
improved(compliance(to(the(care(bundles,(however(all(hospitals(failed(to(reach(high(
reliability( in( at( least( one( care(bundle(goal.( These( challenges(echo( the( challenging(
implementation( of( the( complex,( multidisciplinary( surviving( sepsis( care( bundles(
(Nguyen(et(al,(2007b(Zambon(et(al,(2008).(
Care(bundles(have(been(used(to(successfully(improve(complications(associated(with(
ventilation(on(intensive(care((Pronovost(et(al.,(2006).(Studies(have(proven(the(efficacy(
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of( the( care( bundle( approach( and( the( overall( effect( of( a( group( of( interventions( in(
reducing( ventilator*associated( complications.( In( a( recent( study( of( ventilator( bundle(
elements,( Klompas( et( al( (2016)( evaluated( the( association( of( individual( bundle(
elements(and(outcomes.(They(conclude(that(standard(ventilator(bundle(elements(vary(
in(their(association(with(outcomes.(Some(elements(were(associated(with(consistent(
improvements(in(outcomes((head(elevation,(sedation(breaks,(spontaneous(breathing(
trials,( thromboembolism(prophylaxis),(whereas( the(benefits(of(other(elements(were(
less(consistent(and(in(some(patients(harmful((chlorhexidine(mouth(wash,(stress(ulcer(
prophylaxis,(Klompas(et(al,(2016).(Future( research( into( the(use(of(bundled(care( in(
emergency(laparotomy(should(include(analyses(of(the(efficacy(of(individual(elements(
to(ensure(individual(element(safety(and(efficacy.(
There( were( several( challenges( to( improvement,( evidenced( by( the( areas( in( which(
improvement(was(lacking.(In(each(hospital,(the(project(was(delivered(by(anaesthetists(
and/or( intensivists( in(collaboration(with(surgeons.(The(success(of( this(collaboration(
will( inevitably(depend(on(the( individuals( involved(and(their( relative( influence(on(the(
wider( multidisciplinary( team.( There( were( several( observed( interdisciplinary(
obstructions(to(improvement.(Some(departmental(representatives(were(defensive(in(
their( response( to( presented( data( demonstrating( areas( for( improvement.( This( was(
initially(disconcerting,(however(persistence(and(reinforcing(the(need(for(change(slowly(
led(to(acceptance,(followed(by(engagement(and(a(change(in(attitudes(and(behaviour.(
My(observation(of(the(process(of(challenging(behavioural(change(was(a(five*staged(
process( through( initial(anger,(defence,(denial,(acceptance(and( finally(engagement.(
Some(senior(clinicians(were(more(responsive(than(others(to(the(suggestion(that(care(
was(suboptimal(and(that(change(was(required(to( improve(outcomes.(The(stages(of(
behavioural( change( observed( during( the(ELPQuiC(project( are( shown( in( figure( 4.1(
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below.( These( observations( of( the( process( of( cultural( change( echo( established(
psychodynamic(behavioural(and(change(management(theories((Kübler*Ross,(1969b(
Adams(et(al,(1976b(Cameron(and(Green,(2009).(
(
Figure(4.1(Observations(on(the(process(of(behavioural(change(in(senior(clinicians.(
The( project( measured( changes( in( compliance( to( key( elements( of( care.( These(
changes,(as(discussed(above,(may(relate(to(an(unmeasured(change(of(attitudes(and(
behaviour( in( the(care(of(emergency(general(surgical(patients.( It(was(not(within( the(
remit(of(this(project(to(explore(these(cultural(effects,(however(future(projects(should(
include( assessment( of( cultural( changes( and( coaching( for( facilitators( in( change(
management( techniques( to( further( understand( the( change(process(and( inform( the(
success(of( future( implementation(of(quality( improvement( initiatives.(This( combined(
quality(improvement(with(change(management(approach(is(advocated(in(a(statement(
on(behalf(of(the(Joint(Commission,(a(US(organisation(whose(aims(are(to(improve(the(
quality(and(reliability(of(healthcare((Chassin(and(Loeb,(2013).(
(
Chapter(4(*(Discussion(
 
 274 
(4.4.1(PDSA(cycle(
Repeated(iterative(examination(of(data(and(incremental(changes(using(the(plan,(do,(
study,( act( cycle( (PDSA)( is( a( well*established( method( of( quality( improvement( in(
healthcare((Nicolay(et(al,(2012)(and(has(been(a(successful(approach(in(this(project.(
PDSA( methodology( has( been( successfully( used( to( deliver( improvements( in( pain(
scores(in(intensive(care((Caswell(et(al,(1996),(times(to(treatment(in(trauma((Torkki(et(
al,( 2006),( compliance( with( infection( control( measures( (van( Tiel( et( al,( 2006),(
complication( rates( after( endovascular( surgery( (Goodney( et( al,( 2008),( and( central(
venous( line( infection( rates( (Zack,( 2008).( A( recent( systematic( review( evaluated(
published( quality( improvement( projects( which( reported( using( PDSA( methodology(
(Taylor( et( al,( 2014).( The( study( identified( 73( publications( and( assessed( the( use( of(
PDSA( cycles( against( specified( criteria.( The( criteria( wereb( use( of( iterative( cycles,(
prediction*based( testing( of( change,( small*scale( testing,( use( of( data( over( time( and(
documentation.( The( review( identified( only( two( studies(which( complied(with( all( five(
criteria.(They(concluded(that(the(majority(of(publications(that(claim(to(have(used(PDSA(
cycles(demonstrated(little(iterative(change(in(the(PDSA(cycles(throughout(the(project,(
with( too( infrequent( cycles( and( no( appreciation( of( the( importance( of( small( step(
changes.(A(recent(publication(by(Leis(and(Shojania((2016)(used(PDSA(methodology(
to(improve(unnecessary(urinary(catheter(insertion.(They(demonstrated(that(successful(
quality(improvement(can(be(optimized(by(actively(fulfilling(the(PDSA(criteria(described(
by(Taylor(et(al((2014).(The(ELPQuiC(project(does(comply(with(the(described(PDSA(
criteria(described(by(Taylor(et(al( (2014).(To(some(extent( some(of( the(criticisms(of(
Taylor( et( al( (2014)( are( true( of( the( ELPQuiC( projectb( repeated( data( analysis( was(
performed,( presented( and( discussed( among( the( four( participating( hospital( teams,(
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however(little(data(was(gathered(to(demonstrate(the(local(iterative(changes(throughout(
the(project.((
4.4.2(Statistical(Process(Control((SPC)(
SPC(has(been(used(successfully(in(improving(a(variety(of(healthcare(settings((Thor(et(
al,(2007).(Accurate(interpretation(of(contemporaneous(statistical(process(control(relies(
on( complete( data( on( consecutive( inclusive( casesb( however,( during( the( ELPQuiC(
project(complete(data(was(not(always(available(for(the(interim(meetings.(Presentation(
of( incomplete( data( (for( example( incomplete( length( of( stay( data( and( mortality(
outcomes)( has( the( potential( to( misrepresent( changes.( This( has( two( possible(
consequences:(overestimating( improvement( leading(to(a(false(sense(of(security,(or(
underestimating(improvement(leading(to(unnecessary(intervention.(The(experience(of(
this(project(suggests(the(former(to(be(the(most(problematic(and(there(is(potential(for(
missed(opportunities(for(improvement(if(data(are(incomplete.(Using(repeated(analysis(
of(contemporaneous(data(to(drive(improvement(is(certainly(effective,(however(future(
projects(may(wish(to(consider(restricting(cases(included(for(that(analysis(to(only(those(
with(complete(data(and(those(who(have(completed(to(primary(outcomes.(
4.5(Limitations(
4.5.1(Data(issues(
1.( As(a(pre/post(intervention(cohort(design,(the(two(groups(were(not(randomised(
or(matched.(
2.( There(were(a(number(of(data(issues.(The(baseline(cohorts(were(from(varying(
time(periods(for(each(hospital,(and(covered(different(durations.(This( led(to(a(
mismatch(of(representation(of(each(hospital(in(the(combined(pre(versus(post(
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cohorts.(Some(of( the(baseline(data(are( limited(by(missing(elements,(due( to(
inconsistencies(in(the(manner(of(data(collection(for(the(baseline(datasets.(The(
baseline( data( are( made( up( of( pre*existing( audit( data( augmented( by(
retrospective(additional(data(collection.(This(raises(the(potential(confounding(
factor(of(different(definitions(used(when(collecting(pre*existing(audit(data(and(
that(collected(using(the(definitions(developed(for(the(ELPQuiC(project.(This(is(
unlikely(to(have(a(profound(impact(however,(because(all(hospitals(with(existing(
data(were(using(the(definitions(used(for(the(Emergency(Laparotomy(Network(
(ELN)(Audit((Saunders(et(al.,(2012).(
3.( Collection(of( certain( key(data(points(was( reliant( on(accurate,( legible( clinical(
documentation,(and(this(was(not(always(the(case.(Poor(documentation(was(an(
on*going(problem(throughout(the(project,(despite(repeated(efforts(to(improve(it.(
Clinical(notes(were(not(always(easily(available,(particularly(tracking(down(notes(
from(the(baseline(period.(In(order(to(analyse(data(accurately,(it(was(essential(
that(all(consecutive(cases(were(included.(This(proved(particularly(challenging(
when( sourcing( all( consecutive( notes,( particularly( of( discharged( patients.(
Additionally,(some(notes(had(missing(paperwork(and(data(were(limited(to(that(
stored(on(electronic(databases((for(example(the(Intensive(Care(database(and(
theatre(electronic(patient(management(systems).(Clinical(documentation(and(
the( availability( of( clinical( notes( has( been( noted( as( a( recurrent( issue( when(
collecting( information( for( national( enquires( such( as( the( NCEPOD( enquires(
(section(1.3).(
(
(
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4.5.2(Methods(
The(project(used(a(pre*post(cohort(design.(This(choice(of(design(was(pragmatic( in(
view( of( the( intervention,( aims( and( available( resources.( This( pragmatic( choice( has(
come(at(the(cost(of(establishing(a(credible(causal(relationship(between(improving(care(
and(improving(outcomes.(A(randomised(design(would(have(allowed(a(more(plausible(
causal(relationship(between(compliance(to(care(elements(and(mortality,(however,(as(
discussed( in( section( 1.11,( it( was( considered( ethically( inappropriate( to( randomize(
patients( to( not( receive( recommended/evidence*based( care.( The( ideal( method( to(
assess( causal( relationships( in( this( scenario( would( be( a( step*wedge( randomised(
cluster(trial,(where(groups(of(hospitals(would(sequentially(introduce(the(intervention,(
however(as(discussed(in(section(1.11,(this(design(was(beyond(the(funding(constraints(
of( the( project.( Assessing( the( project( against( the(Bradford(Hill( criteria( described( in(
section(1.11,(the(ELPQuiC(projectb(factors(in(favour(of(a(causal(relationship(include(
strength((38%(reduction( in(risk(adjusted(mortality),( the(effect( is(consistent(between(
centres,(there(is(a(temporal(relationship(between(potential(cause(and(effect(and(the(
effect(is(plausible.(There(was(no(clear(evidence(of(a(biological(gradient,(there(are(no(
coherent( studies( in( the(same(population(and( there(are( few(comparable(analogous(
projects(in(other(groups.((
The(ELPQuiC(project(was(observational(and(not(blinded(to(clinicians(or(assessors.(
This(presents(the(potential(confounder(of(bias(in(data(collection,(particularly(in(view(of(
the(retrospective(collection(of(some(baseline(data.(
4.5.3(Inclusion(and(exclusion(criteria(
The(inclusion(and(exclusion(criteria(were(developed(from(the(Emergency(Laparotomy(
Network( audit( definitions( (see( section( 2.5,( Saunders( et( al.,( 2012)( This( group( of(
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patients( is( essentially( defined( by( an( operative( approach( as( a(means( to( group( the(
highest*risk( general( surgical( patients.( This( poses( a( number( of( problems.( The(
inclusion/exclusion(criteria( include(a(wide( range(of(patients( in( terms(of(pre*existing(
comorbidities,(acute(pathology(and(subsequent(risk(of(morbidity(and(mortality.(This(
heterogeneity(leads(to(natural(variations(in(risk(over(time((section(3.3.5,(figures(3.12(
to(3.15)(and(therefore(requires(larger(numbers(of(patients(in(each(cohort(to(power(the(
analysis.( This(was( demonstrated( in( the( lack( of( statistical( significance( of( the( crude(
mortality(rate(and(the(lack(of(significance(of(risk*adjusted(analyses(for(the(hospitals(
with(smaller(cohorts.(
(4.6(Unmeasured(changes(
As(discussed(above,(the(project(did(not(include(assessment(of(the(cultural(changes(
associated(with(the(project(in(terms(of(attitudes(and(behaviour.(Future(projects(may(
wish(to(consider(ethnographic(surveys(as(a(means(to(assess(cultural(change.(Data(
collection(for(this(project(was(designed(to(measure(compliance(for(key(aspects(of(each(
of( the(care(bundle(elements.(These(specific(measured(metrics(were(surrogates( for(
overall( quality( of( care.( For( example,( documentation( of( early( warning( scores(
demonstrate(compliance(to(NICE(clinical(guideline((CG50).(However,(this(metric(does(
not( assess( if( the( scores( were( recorded( correctly,( or( if( care( was( escalated(
appropriately,( or( if( an( appropriate( timely( response(was( received.(Measurement( of(
metrics( to( assess( complex( care( processes( will( inevitably( be( surrogate( measures,(
unless(care(of(individual(patients(is(examined(in(close(detail.(Some(process(measures(
were(not(assessed,(for(example(time(to(CT(scan(reporting(or(time(from(admission(to(
consultant(surgeon(review.( 
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There(are(unmeasured(metrics( that(may(explain( further( the(underlying(association(
between( improvements( in( care( and( improvements( in( risk*adjusted( mortality.(
Introduction( of( the( ELPQuiC( bundle( was( associated( with( an( improvement( in( risk*
adjusted(mortality(and(improvements(in(compliance(to(key(metrics.(Improvements(in(
compliance(to(key(metrics(were(inconsistent(between(the(four(hospitals.(Additionally,(
for(some(metrics(in(some(of(the(hospitals,(there(were(significant(missing(data(in(the(
baseline(cohorts.(Thus,(it(was(not(always(possible(to(identify(which(process(metrics(
are(causally(associated(with(improvements(in(risk*adjusted(mortality.((
At( the( time( of( the( project( there( was( increasing( interest( nationally( in( improving(
outcomes( after( emergency( laparotomy( surgery.( This( interest( is( likely( to( have( led(
centres( to(make(their(own( improvements( to(emergency(surgical(care.( It( is(possible(
that( the( improvements( in( care( and( outcomes( observed( after( implementation( of(
ELPQuiC(could(merely(represent(the(generalized(secular(change(in(the(care(of(this(
group.(The(National(Emergency(Laparotomy(Audit((NELA)(began(collecting(individual(
patient(data(from(emergency(laparotomy(cases(in(every(acute(surgical(hospital(in(the(
UK( in( December( 2013,( incidentally( after( completion( of( the( ELPQuiC( project.( The(
observed(mortality( in(year(1(NELA(was(11.8%,(year(2(*(11.1%(and(year(3(*(10.6%(
(Anderson(et(al,(2015,(Anderson(et(al,(2016,(Anderson(et(al,(2017).(These( figures(
lower(than(the(14.9%(observed(by(the(emergency(Laparotomy(Network((Saunders(et(
al,(2012).(It(is(possible(that(the(attention(created(by(the(ELN(project(and(the(associated(
national(interest(may(have(improved(national(outcomes.(Therefore,(it(may(be(that(the(
differences(in(outcome(observed(during(the(ELPQuIC(project(may(simply(represent(
the( national( secular( change( at( that( time.( However,( the( ELPQuIC( project( was(
associated(with(a(reduction(in(mortality(from(above(the(ELN(average(mortality(to(below(
the(NELA(average(mortality(over(a(short(implementation(period(of(8(months.(These(
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observed(improvements(are(at(a(higher(rate(and(magnitude(than(the(national(secular(
change( observed( by( NELA( in( comparison( to( ELN( data.( Therefore,( the( observed(
improvements(in(mortality(after(ELPQuIC(are(likely(to(represent(genuine(impact(of(the(
project(rather(than(concurrent(secular(change.(
The(baseline(and(ELPQuiC(cohorts(are(similar(in(predicted(mortality((figure(3.1,(figure(
3.2),(age((figure(3.3,( figure(3.4),(ASA((figure(3.5),(underlying(pathology((figure(3.6)(
and( operative( procedure( (figure( 3.7).( There( are( no( apparent( differences( in( cohort(
demographics(that(demonstrate(risk(aversion((i.e.(implementation(leading(to(clinicians(
avoiding(operating(on(the(highest(risk(patients).((
4.7(NELA(and(the(Future(
There( has( been( increasing( focus( on( improving( poor( outcomes( after( emergency(
laparotomy.( In(a(multi(centre(Danish(study,(Vester*Andersen(et(al( (2014)(collected(
data( from( 2904( patients( undergoing( emergency( major( gastrointestinal( surgery.(
Mortality(was(18.5%(and( rates(of(admission( to( ICU(were( low( (4.8%),(even( though(
admission(to(ICU(was(associated(with(a(lower(odds(ratio(of(mortality(at(30(days((3.27(
versus( 5.45).( The( authors( subsequently( published( results( of( the( InCare( trial,( a(
randomised( trial( into( postoperative( destination( after( emergency( major( abdominal(
general(surgery((Vester*Andersen(et(al,(2015).(After(emergency(laparotomy,(patients(
were(transferred(to(the(intensive(care(unit(or(equivalent((PACU,(intermediate(care),(
those(who(were(deemed(ready(for(transfer(to(a(ward(within(24(hours(were(randomised(
to(either(a(further(48(hours(of(intermediate((HDU)(care,(or(standard(ward(care.(Thirty*
day(mortality(was(7.6%(in(the(intermediate(care(group(and(8.5%(in(the(ward(group(
(p=0.828).(However,(the(trial(suffered(with(poor(recruitment(and(was(terminated(early(
due(to(a(lower(than(predicted(mortality(rate(and(subsequent(underpowered(analysis(
Chapter(4(*(Discussion(
 
 281 
for(the(planned(recruitment(numbers.(The(lack(of(significance(could(be(attributed(to(
the( trial( design( and( the( potential( benefits( of( higher( care( may( have( already( been(
realised( within( the( initial( 24*hour( post*operative( period.( The( same( group( have(
published(analysis( of( timing(of( surgery( and(mortalityb( survival( at( 90*days( following(
emergency(laparotomy(was(2.2%(less(for(every(hour(delay(to(surgery,(however(the(
association(did(not(reach(statistical(significance((Vester*Andersen(et(al,(2016).(
In(the(UK(a(national(compulsory(audit,(the(National(Emergency(Laparotomy(Audit(was(
initiated(in(2012(and(is(a(collaboration(between(the(Royal(College(of(Anaesthetists,(
the(Royal(College(of(Surgeons,(the(National(Institute(of(Academic(Anaesthesia(and(
the(Healthcare(Quality(Improvement(Partnership.(Patient(level(data(collection(began(
in(December(2013.(Year(one(patient(data(report(was(published(in(June(2015(and(year(
two(in(July(2016((Anderson(et(al,(2015,(Anderson(et(al,(2016).(In(total(the(two(reports(
summarise(data( from(over(44,000(cases(provided(by(186(hospitals.(The(observed(
crude(mortality(is(less(than(that(previously(observed(by(the(Emergency(Laparotomy(
Network((Saunders(et(al,(2012).(Crude(30*day(mortality(for(the(NELA(datasets(were(
11.7%(for(year(one(and(11.1%(for(year(two.(Mean(length(of(hospital(stay(was(18.1(
days( for( year( one( and( 16.3( days( for( year( two( (representing( a( cost( saving( of( £22(
million).( These( improvements( may( reflect( a( general( improvement( in( outcomes(
stimulated( by( the( collection( and( publication( of( data,( as(well( as( the( introduction( of(
clinical(pathways.(A(number(of(pathway(examples(are(published(on(the(NELA(project(
website( that( have( been( put( into( use( since(ELPQuiC.(All( example( pathways( share(
similarities(and(are(likely(to(have(been(influenced(by(the(publication(and(dissemination(
of( the( ELPQuiC( bundle( (http://nela.org.uk/Pathway*Examples#pt).( ( At( the( time( of(
writing(no(other(pathway(examples(have(published(outcome(data.(The(Enhanced(Peri*
Operative(Care( for(High*risk(emergency(surgery(study((EPOCH)(was(a(multicenter(
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randomised(step*wedge(study(into(a(care(pathway(for(emergency(laparotomy(patients.(
The(study(has(completed(data(collectionb(however,( results(are(yet( to(be(published.(
The( variation( in( care( and( outcomes( between( centres( observed( by( Saunders( et( al(
(2012)(is(echoed(in(both(NELA(reports((Anderson(et(al,(2015,(Anderson(et(al,(2016),(
however( there(are(generalised( improvements( in(key(areas(of( care( identified( in( the(
NELA( reports( (for( example( consultant( involvement,( GDFT( and( post*operative(
intensive( care)( and( variation( is( less( marked.( Mortality( in( individual( centres( varied(
between(3.6%(and(41.7%(in(the(ELN(dataset,(improving(to(5%(and(17%(in(the(NELA(
year(two(dataset.(This(may(reflect(improvement(in(outcomes(and(decrease(in(inter*
hospital(variation,(however( the(differences(may( reflect( the(significant(differences( in(
sample(sizes.(
In(April(2016,(the(Nuffield(Trust(published(their(report(into(emergency(general(surgery(
in(the(UK(entitled(“Emergency(General(Surgery:(Challenges(and(Opportunities”.(The(
report(summarises(the(challenge(of(delivering(high*quality(emergency(general(surgical(
care( in( the(NHS,( and( critiques( the( efficacy( and( viability( of( published( improvement(
strategies.( In( this( report,( the( ELPQuiC( pathway( is( commended( for( its( relative(
simplicity,(cost(efficiency(and(high(impact.(The(report(goes(on(to(concludeb(“(w)e(have(
identified( the( ELPQuiC( bundle( as( a( straightforward( clinical( tool( that( may( lead( to(
considerable(survival(benefit(in(emergency(laparotomy(patients”(and(recommends(its’(
dissemination(and(potential(for(significant(impact((Watson(et(al.,(2016).((
The(results(of(the(ELPQuiC(project(are(encouraging(and(demonstrate(that,(by(focusing(
on( a( quality( improvement( approach( and( using( protocolised( care,( outcomes( after(
emergency(laparotomy(may(be(significantly(improved.(At(present(the(ELPQuiC(project(
has(been(developed(into(the(Emergency(Laparotomy(Collaborative(and( is(currently(
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being( implemented( in( 30( hospitals( across( the( south( east( of( England(
(www.emergencylaparotomy.org.uk).(The(outcomes(and(process(measure(analyses(
of(the(ELPQuiC(project(have(been(published(in(the(British(Journal(of(Surgery((Huddart(
et(al,(2015)(and(the(quality(improvement(learning(from(the(project(has(been(published(
in(the(British(Journal(of(Hospital(Medicine((Quiney(et(al,(2015).(Similar(projects(have(
been(implemented(in(other(hospitals,(examples(of(which(are(published(on(the(NELA(
website( (https://www.nela.org.uk/Pathway*Examples?newsid=1294,( accessed( July(
2018).(To(date,(no(other( improvement(projects(have(been(published( in( this(group.(
However,( as( detailed( above,( the( results( of( the( EPOCH( trial( and( ELC( project( are(
eagerly(awaited.(There(has(been(increased(interest(into(the(validity(of(goal*directed(
fluid( therapy( in( emergency( laparotomy( and( this( is( currently( being( assessed( in( a(
randomised( trial( (Fluid( Optimisation( in( Emergency( Laparotomy( –( FLOELA,(
http://www.floela.org,(accessed(July(2018).(
In( this( project,( the( primary( outcome( measure( was( mortality( at( thirty( days( after(
laparotomy.(One(study(has(demonstrated(that(long*term(outcomes(are(comparable(to(
short*term(outcomes((Awad(et(al,(2012).(It(would(be(of(interest(to(follow*up(this(project(
looking(at(long*term(outcomes(and(survival.(Khuri(et(al((2005)(demonstrated(that(an(
increased( incidence( of( post*operative( complications( was( associated( with( greater(
short*(and(long*term(mortality.(It(would(be(of(interest(to(discover(if(the(improvements(
in(short*term(risk*adjusted(mortality(observed(after(introduction(of(the(ELPQuiC(bundle(
translate( to( improved( longer*term( mortality.( This( study( did( not( assess( the( health(
economic( impact(of( introducing(the(ELPQuiC(bundle.(Future(projects(may(consider(
health(economic(analysis,(quality(of(life(analyses(and(ethnographic(assessment.(
(
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4.8(Summary(and(Conclusions(
In( this(multi( centre( collaboration( the( introduction( of( a( five*component( care( bundle(
(ELPQuiC),(augmented(by(senior(clinical(input(during(operations,(led(to(a(significant(
reduction(in(P*POSSUM(risk*adjusted(thirty*day(and(in*hospital(mortality.(All(hospitals(
showed(a(significant(improvement(in(P*POSSUM(adjusted(CUSUM(mortality(rate(after(
bundle(implementation,(with(overall(5.97(more(lives(saved((within(30(days)(per(100(
patients( treated( after( implementation( of( ELPQuiC( bundle.( These( results( were(
achieved(within(existing(resources(without(adversely(affecting(the(length(of(stay(whilst(
the(case*mix(profile(of(the(patients(remained(relatively(stable.(
Two(hospitals(experienced(a(statistically(significantly(improvement(in(outcomes(on(the(
CUSUM( plot( (i.e.( lives( saved( per( 100( patients)( but( did( not( achieve( statistical(
significance(on(the(binary(regression(risk(of(death(analysis.(This(suggests(a(lack(of(
power(or(sample(size,(as(the(underlying(trend(from(the(CUSUM(plot(was(favourable.(
High(mortality( for(emergency( laparotomy(has(been(described,(and(guidelines(to( try(
and( improve( outcomes( have( been( developed( (The( Royal( College( of( Surgeons( of(
England( and(Department( of(Health,( 2011b(Royal(College( of(Surgeons( of(England,(
2011b( Saunders( et( al,( 2012b( Al*Temimi( et( al,( 2012b( Vester*Andersen( et( al,( 2014b(
Watson( et( al,( 2016).( Implementation( of( ELPQuiC( and( demonstration( of( improved(
outcomes( in( four( different( hospitals,( all( with( their( own( unique( contexts,( provided(
evidence( of( external( validity( of( the( use( of( this( approach( to( reduce( mortality( after(
emergency( laparotomy.( ( Locally( developed( and( adapted( interventions( have( been(
described(as(necessary(to(sustain(effective(change((Damschroder(et(al,(2009).( (All(
four(hospitals(improved(in(different(process(areas(to(different(degrees.(This(probably(
reflects(the(diversity(of(practice(across(hospitals.((((
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Some(of(the(process(measures(before(implementation(of(the(ELPQuiC(bundle(were(
not(collected(prospectively.(For(some((e.g.(ICU(admission)(this(was(easily(collected(
retrospectively,( whilst( others( (e.g.( time( from( decision( for( laparotomy( to( operating(
theatre)( were( very( difficult( to( collect( accurately( from( patient( records.( Thus,( some(
process(measures(had(an( incomplete(data( record(of(more( than(15%( (Figure(3.22,(
Table( 3.15).(Some(hospitals(were( highly( compliant(with( some(aspects( of( the( care(
bundle(before(the(official( launch(and(so(there(was( less(ability( for( improvement(and(
statistically(significant(changes(in(practice(with(these(samples(sizes(were(unlikely(to(
be(observed.((However(significant(changes(to(both(use(of(goal*directed(fluid(therapy(
and(ICU(admission(were(found(in(almost(all(of(the(participating(sites.(These(two(bundle(
elements(may(have(the(highest(impact(to(reduce(mortality(in(other(hospitals(and(health(
care( systems( where( these( standards( of( care( are( not( routinely( met.( The( direct(
involvement( of( senior( surgeons( and( anaesthetists( in( patient( care(was( significantly(
improved(in(one(site.(Trends(for(improvement,(albeit(not(statistically(significant(were(
seen(in(the(other(sites.((
Measurement(alone(is(known(to(drive(improvement.(Transparency(and(regular(audit(
drive(better(outcomes(in(surgery((Damschroder(et(al,(2009).((Regular(measurement(
of( outcome( and( process( measures,( and( the( understanding( of( areas( for( better(
performance(were(likely(to(have(aided(improvement(in(this(project(and(are(central(to(
quality( improvement(methodology.( ( (A(standardised(pathway(approach,(as(used( in(
enhanced( recovery( programmes,( is( successful( in( reducing( length( of( stay( and(
complications,(when(applied(to(elective(surgical(procedures((Gustafsson(et(al,(2013b(
Nicholson(et(al,(2014).((In(this(study,(a(similar(standardised(approach(was(applied(to(
the(emergency(setting,(however,(length(of(stay(was(not(reduced.(Several(factors(may(
Chapter(4(*(Discussion(
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have(caused(this(including(the(survival(of(patients(who(would(previously(not(survived(
surgery(and(the(availability(of(suitable(discharge(facilities.(
There(are(limitations(to(this(study.(The(patient(groups(before(ELPQuiC(implementation(
were(of(unequal(size(and(not(collected(during(the(same(time(periods.(There(were(no(
contemporaneous( controlled( comparisons( with( other( hospitals( not( involved( in( the(
ELPQuiC(project.(However,(the(findings(are(suggestive(of(a(credible(underlying(link(
between(observed(improvements(in(processes(of(care(and(subsequent(risk*adjusted(
mortality.((
The(extent( to(which( the(bundles(are(now(embedded(as( routine(care(has(yet( to(be(
evaluated.((All(hospitals(in(England(and(Wales(are(now(required(to(submit(data(to(the(
national(emergency(laparotomy(audit((NELA).(This(will(assist(on*going(performance(
analysis(and(quality(improvement.(
This(study(used(quality(improvement(methodology(to(implement(an(evidence*based(
care( bundle,( in( a( variety( of( hospital( settings,( which( has( successfully( improved(
compliance( to( care( bundle( elements( and(was( associated(with( a( reduction( in( risk*
adjusted( mortality( after( emergency( laparotomy.( Standardisation( of( care,( following(
simple( evidence*based( guidelines,( such( as( ELPQuiC,( should( be( considered( in( all(
hospitals(undertaking(emergency(laparotomy.((
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Appendix(1(–(Letter(from(Ethics(Committee(
)
SL24 Project not considered to be research 
Version 4.0, April 2009 
                                                                      
     NRES Committee South East Coast – Surrey 
HRA 
Research Ethics Committee (REC) London Centre 
Ground Floor 
80 Skipton House 
London Road 
London 
SE1 6LH 
 
Tel: 020 797 22560 
Fax: 020 797 22592   
 
30 August 2012 
 
Dr Sam Huddart 
Clinical Research Fellow 
Department of Anaesthetics and ITU 
Royal Surrey County Hospital NHS Foundation Trust 
Egerton Road 
Guildford 
Surrey 
GU2 7XX 
 
 
Dear Dr Huddart 
 
Full title of project: “Emergency laparotomy quality improvement project” 
 
Thank you for seeking the Committee’s advice about the above project. 
 
You provided the following documents for consideration: 
 
 Letter dated 30th August 2012 
 
These documents have been considered by the Chair. 
 
I enclose a copy of our leaflet, “Defining Research”, which explains how we differentiate 
research from other activities.  The Committee has advised that the project is not considered 
to be research according to this guidance.  Therefore it does not require ethical review by a 
NHS Research Ethics Committee.  
 
You should check with the NHS care organisation what other review arrangements or 
sources of advice apply to projects of this type.  Guidance may be available from the clinical 
governance office.  
 
This letter should not be interpreted as giving a form of ethical approval or any endorsement 
of the project, but it may be provided to a journal or other body as evidence that ethical 
approval is not required under NHS research governance arrangements. 
 
Appendices)
)
) 323)
)
)
) )
Appendices)
)
) 324)
Appendix(2(–(Goal(Directed(fluid(therapy(algorithm(
(
)
) )
• Goal Directed Therapy using cardiac output monitoring should be used to direct fluid, vasopressor
and inotrope administration for all emergency laparotomy cases during the per-operative period
and the first 6 post-operative hours.
• This algorithm is designed to guide stroke volume optimisation once the patient has been fluid
resuscitated with 10-20ml/kg, aiming for blood pressure appropriate for the patients pre-morbid
baseline and ScVO2 >65%.
1. nSV = nominal maximal strike volume
2. Choice of fluids at the clinicians’ discretion
3. To allow vascular equilibrium of fluid bolus
NB Patients with intravascular hypovolaemia
may require more aggressive fluid resuscitation 
than permitted by this algorithm.
4. Choice of inotrope used at clinicians’ discretion  
(discuss with consultant) and local policy, with 
use limited by:
a) Heart rate < 120% of baseline
b) ECG changes
(n)SVmax1
targeted using
LiDCO RapidTM/Deltex ODMTM
NO
YES
Titrate inotrope3
YES YES
Review after 20 
minutes2
Review every 20 
minutes
NO
NO
Is (n)CO sustained 
at >3.0 L/min?
Has (n)SV 
increased by ≥10%?
Give 250ml 
of iv fluid
as a bolus
Has (n)SV 
fallen by > 10%?
NO Is (n)CO <3.0 l/min?
Emergency Laparotomy Enhanced Recovery Pathway
Goal Directed Therapy Algorithm
This protocol is not a replacement for clinical care of the patient.
If there is any doubt as to the ongoing safe management of the patient, the protocol
should be abandoned and clinical judgement used.
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Appendix(3(–(ELPQuiC(Posters((launch,(advertising,(code(laparotomy))
)
ELPQuiC
Emergency Laparotomy Pathway Quality Improvement Care-Bundle
What is ELPQuiC?
   Multi-centre quality improvement project.
   5 step care-bundle aimed at Improving quality and 
consistency of care from admission to post operative care.
   Evidence based (RCS England, DoH, NICE, Surviving 
Sepsis Campaign).
   Continuous prospective audit tracking compliance to the 
bundle elements and individual patient outcomes.
Patients who require Emergency 
Laparotomy surgery have a 15–20% 
risk of dying within 30 days
For more details please refer to the ELPQuiC bundle 
posters displayed in key clinical areas.
After 3rd December 2012 ALL PATIENTS presenting 
with acute abdominal conditions THAT MAY REQUIRE 
EMERGENCY MAJOR SURGERY should be started 
on the pathway.
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ALL PATIENTS presenting with emergency abdominal conditions THAT MAY 
REQUIRE EMERGENCY LAPAROTOMY are to be started on the Emergency 
Laparotomy ER Pathway and comply to the care-bundles goals below.
Emergency Laparotomy?
ELPQuiC
Emergency Laparotomy Pathway Quality Improvement Care-Bundle
1
2
3
4
5
 Early Assessment and Resuscitation
 MEWS within 30 minutes ●  of arrival in hospital
  ● Outreach review if MEWS >3
  ● MRCS surgical review within 30 minutes of referral
 Measure  ● arterial lactate
 Prompt  ● fluid resuscitation
 Early Antibiotics
  ● Within 1 hour if there is evidence of SIRS/sepsis
  ● Within 3 hours if there is suspicion of intra-peritoneal soiling
 Prompt diagnosis and Early surgery
 CT scan –  ● ‘Code Emergency Laparotomy’ prompts:
    –  ‘Next Slot’ prioritisation, scan within 2 hours of booking, 
 verbal report within 1 hour of scan
 ‘Next Slot’ ●  prioritisation on Emergency Theatre List
 Knife-to-skin within 6 hours ●  of decision to operate
  ● Consultant surgeon and anaesthetist present in theatre
 Goal Directed Fluid Therapy
 Goal Directed Fluid Therapy using cardiac output monitoring   ●
intra-operatively and for 6 hours post-operatively 
 Post-operative Intensive Care for all
  ● All patients to be cared for on intensive care
 If no intensive care bed is available – alternative level 2 area   ●
(e.g. Post Anaesthetic Care Unit or appropriately staffed recovery area, 
for at least 6 hours)
  ● Goal Directed Fluid Therapy for 6 hours post-operatively
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ALL PATIENTS presenting with emergency abdominal conditions THAT MAY 
REQUIRE EMERGENCY LAPAROTOMY are to be started on the Emergency 
Laparotomy ER Pathway and comply to the care-bundles goals below.
Emergency Laparotomy?
ELPQuiC
Emergency Laparotomy Pathway Quality Improvement Care-Bundle
1
2
3
4
5
 Early Assessment and Resuscitation
 MEWS within 30 minutes ●  of arrival in hospital
  ● Outreach review if MEWS >3
  ● MRCS surgical review within 30 minutes of referral
 Measure  ● arterial lactate
 Prompt  ● fluid resuscitation
 Early Antibiotics
  ● Within 1 hour if there is evidence of SIRS/sepsis
  ● Within 3 hours if there is suspicion of intra-peritoneal soiling
 Prompt diagnosis and Early surgery
 CT scan –  ● ‘Code Emergency Laparotomy’ prompts:
    –  ‘Next Slot’ prioritisation, scan within 2 hours of booking, 
 verbal report within 1 hour of scan
 ‘Next Slot’ ●  prioritisation on Emergency Theatre List
 Knife-to-skin within 6 hours ●  of decision to operate
  ● Consultant surgeon and anaesthetist present in theatre
 Goal Directed Fluid Therapy
 Goal Directed Fluid Therapy using cardiac output monitoring   ●
intra-operatively and for 6 hours post-operatively 
 Post-operative Intensive Care for all
  ● All patients to be cared for on intensive care
 If no intensive care bed is available – alternative level 2 area   ●
(e.g. Post Anaesthetic Care Unit or appropriately staffed recovery area, 
for at least 6 hours)
  ● Goal Directed Fluid Therapy for 6 hours post-operatively
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ALL PATIENTS presenting with emergency abdominal conditions THAT MAY 
REQUIRE EMERGENCY LAPAROTOMY are to be started on the Emergency 
Laparotomy ER Pathway and comply to the care-bundles goals below.
Emergency Laparotomy?
ELPQuiC
Emergency Laparotomy Pathway Quality Improvement Care-Bundle
5
4
1
2
3
 Early Assessment and Resuscitation
 MEWS within 30mins ●  of arrival in hospital
  ● Outreach review if MEWS >3
  ● MRCS surgical review within 30 minutes of referral
 Measure  ● arterial lactate
 Prompt  ● fluid resuscitation
 Early Antibiotics
  ● Within 1 hour if there is evidence of SIRS/sepsis
  ● Within 3 hours if there is suspicion of intra-peritoneal soiling
 Prompt diagnosis and Early surgery
 CT scan –  ● ‘Code Emergency Laparotomy’ prompts:
    –  ‘Next Slot’ prioritisation, scan within 2 hours of booking, 
 verbal report within 1 hour of scan
 ‘Next Slot’ ●  prioritisation on Emergency Theatre List
 Knife-to-skin within 6 hours ●  of decision to operate
  ● Consultant surgeon and anaesthetist present in theatre
 Goal Directed Fluid Therapy
 Goal Directed Fluid Therapy using cardiac output monitoring   ●
intra-operatively and for 6 hours post-operatively 
 Post-operative Intensive Care for all
  ● All patients to be cared for on intensive care
 If no intensive care bed is available – alternative level 2 area   ●
(e.g. Post Anaesthetic Care Unit or appropriately staffed recovery area, 
for at least 6 hours)
  ● Goal Directed Fluid Therapy for 6 hours post-operatively P
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ALL PATIENTS presenting with emergency abdominal conditions THAT MAY 
REQUIRE EMERGENCY LAPAROTOMY are to be started on the Emergency 
Laparotomy ER Pathway and comply to the care-bundles goals below.
Emergency Laparotomy?
ELPQuiC
Emergency Laparotomy Pathway Quality Improvement Care-Bundle
1
2
3
4
5
 Early Assessment and Resuscitation
 MEWS within 30mins ●  of arrival in hospital
  ● Outreach review if MEWS >3
  ● MRCS surgical review within 30 minutes of referral
 Measure  ● arterial lactate
 Prompt  ● fluid resuscitation
 Early Antibiotics
  ● Within 1 hour if there is evidence of SIRS/sepsis
  ● Within 3 hours if there is suspicion of intra-peritoneal soiling
 Prompt diagnosis and Early surgery
 CT scan –  ● ‘Code Emergency Laparotomy’ prompts:
    –  ‘Next Slot’ prioritisation, scan within 2 hours of booking, 
 verbal report within 1 hour of scan
 ‘Next Slot’ ●  prioritisation on Emergency Theatre List
 Knife-to-skin within 6 hours ●  of decision to operate
  ● Consultant surgeon and anaesthetist present in theatre
 Goal Directed Fluid Therapy
 Goal Directed Fluid Therapy using cardiac output monitoring   ●
intra-operatively and for 6 hours post-operatively 
 Post-operative Intensive Care for all
  ● All patients to be cared for on intensive care
 If no intensive care bed is available – alternative level 2 area   ●
(e.g. Post Anaesthetic Care Unit or appropriately staffed recovery area, 
for at least 6 hours)
  ● Goal Directed Fluid Therapy for 6 hours post-operatively
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Appendix(5(–(RSCH(ELPQuiC(clinical(documentation(
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Appendix(6(–(Case(Report(Form((CRF)(
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Appendix(7(–ELPQuiC(Dataset(Definitions(
(
Patient(details(
Data(point( Format/options( Compulsory(
field?(
Definitions( Source(of(data/comments(
Hospital) RSCH)
RUH)
TH)
RDEH)
Y( ) )
Unique)patient)identifier) Hospital)initials)(RSCH,)
RUH,)TH,)RDEH))followed)
by)consecutive)3Ddigit)
number)
Y( e.g.)RUH001,)RUH002,)RUH003)etc.) Patient)identifiable)data)(name)and)date)
of)birth))should)be)kept)locally)(on)trust)
compliant)encrypted)computer))to)allow)
data)queries)to)be)checked)and)resolved)
Hospital)number) Local)hospital)number)
(text))
Y( ) To)allow)2Dpoint)patient)identification)
for)any)data)queries)
Age) Years)) Y( Age)at)time)of)presentation) )
Sex) M/F) Y( ) )
(
( (
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Element(1:(Initial(Assessment(&(Resuscitation(
Data(point( Format/options( EDGE(
Compulsory(
field?(
Definitions( Source(of(data/comments(
Time)of)
presentation/deterioration)
dd/mm/yy)hh:mm))
(24Dhour)clock))
Y( Time)of)Hospital)/)A&E)admission)
If)patient)is)already)an)inDpatient)or)
other)reasons)enter)time)of)first)
recognition)of)clinical)deterioration)
heralding)intraDabdominal)crisis)
Medical)notes,)nursing)notes,)hospital)
electronic)records)
Source)of)referral) A&E)
GP)
IP)ward)(general)surgical))
IP)ward)(other)specialty))
Y( A&E)=)patients)presenting)to)A&E)who)
are)then)referred)to)surgeons)
GP)=)direct)GP)referrals)to)surgeons)
IP)ward)(general)surgical))=)patients)
who)are)already)inDpatients)for)other)
reasons)under)the)general)surgeons)
(generally)these)will)be)patients)who)
have)suffered)complications)of)
elective)procedures))
IP)ward)(other)specialty))=)patients)
who)are)already)in)patients)for)other)
reasons)who)have)coincidentally)
suffered)an)intraDabdominal)
catastrophe)
A&E)notes,)nursing)notes,)medical)
notes)
Admitting)specialty) Free)text) Y( Which)specialty)was)the)patient)
initially)admitted)under?)
Admission)notes,)hospital)electronic)
records)
MEWS)recorded)on)
presentation)
Y/N) y( Was)MEWS)score)(actual)number)
recorded,)not)just)observations))
recorded)on)presentation)or)
deterioration)
A&E)notes,)nursing)notes,)
MEWS/observation)chart)
Time)of)first)MEWS) dd/mm/yy)hh:mm))
(24Dhour)clock))
N( Date)and)time)of)first)MEWS)(medical)
early)warning)score))recorded)after)
either)admission)in)the)case)of)those)
A&E)notes,)MEWS)chart,)nursing)
notes)
Appendices)
)
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acutely)admitted)(A&E,)GP))or)
deterioration)(IP)ward)patients))
First)MEWS)>3) Y/N) N( MEWS)>3)(i.e.)4)or)more))warrants)
Outreach)referral)
A&E)notes,)MEWS)chart,)nursing)
notes)
First)MEWS)score) Number)or)‘not)recorded’) N( Initial)MEWS)score)recorded)after)
presentation/deterioration)
Observation)charts,)A&E)notes)
Outreach)(or)equivalent))
referral)made?)
Y/N/not)indicated) Y( If)MEWS)>3)was)outreach)referral)
made)
Nursing)notes,)A&E)notes,)medical)
notes)
Time)of)Outreach)(or)
equivalent))referral)
dd/mm/yy)hh:mm))
(24Dhour)clock))
N( Date)and)time)of)referral)to)Critical)
Care)Outreach)team)
Medical)notes,)A&E)notes,)nursing)
notes)
Time)of)Outreach)(or)
equivalent))review)
dd/mm/yy)hh:mm))
(24Dhour)clock))
N( Date)and)time)of)initial)critical)care)
outreach)review)
Medical)notes,)A&E)notes,)nursing)
notes)
Time)of)first)medical)
contact)
dd/mm/yy)hh:mm))
(24Dhour)clock))
Y( Date)and)time)of)first)clinical)contact)
after)either)admission)or)deterioration)
A&E)notes,)admission)notes,)nursing)
notes,)medical)notes)
Time)of)surgical)referral) dd/mm/yy)hh:mm))
(24Dhour)clock))
Y( Date)and)time)of)surgical)referral.)If)
direct)GP)referral)input)hospital)
admission)datae&time)
Medical)notes,)A&E)notes,)nursing)
notes)
Arterial)lactate)measured?) Y/N) ( ) Medical)notes,)A&E)notes,)nursing)
notes)
Arterial)lactate)result) mmol/l) ( ) Blood)gas)analysis,)medical)notes)
Fluid)resuscitation)
commenced?)
Y/N) ( Fluid)resuscitation)=)intravenous)fluid)
administered)at)faster)than)
125ml/hour)(i.e.)faster)than)an)8D
hourly)litre)of)iv)fluid))
Drug)chart,)A&E)notes)
Time)fluid)resuscitation)
commenced)
dd/mm/yy)hh:mm))
(24Dhour)clock))
( Date/time)of)commencing)first)fluids)
at)faster)than)125ml/hour)
Drug)chart,)A&E)notes)
(
( (
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Element(2:(Antibiotics(
Data(point( Format/options( Compulsory(
field?(
Definitions( Source(of(data/comments(
SIRS?) Y/N/indeterminate) Y) SIRS)=)Systemic)inflammatory)
Response)Syndrome)=))
2)or)more)of:)
Temp)>)38)oC)
HR)>90)
RR)>20)or)PaCO2)>)4.3kPa)
WCC)<4)or)>12)
Is)there)any)evidence)that)the)patient)
has)SIRS?)Regardless)of)if)it)is)
recognised)or)not)
A&E)notes,)nursing)notes,)medical)
record,)observation)charts,)pathology)
results,)ABG)results)
Arterial)lactate)>2mmol/l) Y/N/not)measured) Y) Serum)lactate)>2mmol/l)suggests)
organ)hypoperfusion)
blood)gas)results)taken)on)ward)prior)
to)transfer)to)theatre)
Differential)diagnosis)of)
perforation/intraD
abdominal)soiling?)
Y/N) Y) Is)perforation/intraDabdominal)soiling)
recorded)as)a)possible)diagnosis)in)the)
preDoperative)notes?)
Surgical)admission)notes)
Blood)and)sample)cultures)
taken?)
Y/N) Y) Were)blood)cultures)taken)preD
operatively)
Pathology)records)
PreDop)antibiotics)
administered)
Y/N) Y) ) )
Antibiotic)choice)as)per)
local)protocol)
Y/N) N) Were)the)antibiotics)administered)in)
keeping)with)local)microbiological)
protocol/advice)
Medical)notes,)drug)chart,)check)local)
protocol)
Time)of)antibiotic)
administration)
dd/mm/yy)hh:mm))
(24Dhour)clock))
N) Date)and)time)of)first)antibiotic)
administration)after)
admission/deterioration)
)
(
(
(
(
( (
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Element(3:(PeriKoperative(Care(
Data(point( Format/options( Compulsory(
field?(
Definitions( Source(of(data/comments(
Time)of)initial)surgical)
review)
dd/mm/yy)hh:mm))
(24Dhour)clock))
Y) Date/time)of)first)review)by)a)member)
of)the)surgical)team)recorded)in)notes)
Medical)notes,)A&E)notes,)nursing)
notes)
Initial)surgical)review:)
grade)of)surgeon))
FY1/2)
CT)½)
ST3/4)
ST5+)
Clinical)fellow)
Post)CCT)
reg/fellow)
Consultant)
)
Y) Grade)of)surgeon)who)first)reviews)
the)patient)
Medical)notes,)A&E)notes,)nursing)
notes)
Time)of)MRCS)surgical)
review)
dd/mm/yy)hh:mm))
(24Dhour)clock))
Y) Date/time)patient)seen)by)surgeon)
with)MRCS)D)for)the)purposes)of)this)
project)MRCS)=)ST3+)registrar)level)
MRCS)=)Membership)of)the)Royal)
College)of)Surgeons.)A)requirement)to)
progress)to)ST3)level)training.)Medical)
notes,)A&E)notes))
Time)of)booking)CT)scan) dd/mm/yy)hh:mm))
(24Dhour)clock))
Y) ) Radiology)records,)medical/nursing)
notes)
Time)CT)scan)performed) dd/mm/yy)hh:mm))
(24Dhour)clock))
Y) ) Radiology)records,)medical/nursing)
notes)
Next)on)CT)list?) Y/N) N) Was)the)patient)prioritised)to)be)the)
next)in)the)scanner?)
Radiology)records)
Time)of)verbal)CT)report) dd/mm/yy)hh:mm))
(24Dhour)clock))
N) Date/time)of)documented)verbal)
report)by)radiologist)
Medical)notes)
Grade)of)radiologist) Registrar)
Consultant)
Unknown)
)
Y) Grade)of)radiologist)giving)verbal)
report))
Medical)notes)
FRCR)radiologist?) Y/N/Unknown) Y) ) FRCR)=)Fellowship)of)the)Royal)College)
of)Radiologists.)A)requirement)for)
progression)to)ST5)level)of)training)
Appendices)
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Radiology)records)
Consultant)surgical)(or)
post)CCT)equivalent))
review)documented?)
Y/N) Y) Documented)evidence)of)patient)
being)reviewed)by)a)consultant)
surgeon)
Consultant)defined)as)including)postD
CCT)surgeon)acting)as)consultant)
surgical)onDcall)
Medical)notes,)A&E)notes)
Time)of)surgical)consultant)
(or)post)CCT)equivalent))
review)
dd/mm/yy)hh:mm))
(24Dhour)clock))
N) Date/time)first)reviewed)by)general)
surgical)consultant)
Consultant)defined)as)including)postD
CCT)surgeon)acting)as)consultant)
surgical)onDcall)
Medical)notes,)A&E)notes)
Mode)of)surgical)
consultant)review)
D! Bedside)
D! Local)
D! Telephone)Distant)
D! None)
Y) Bedside)–)i.e.)consultant)physically)
with)patient)
Local)–)discussion)in)person)with)
consultant,)but)consultant)does)not)
physically)see)the)patient)
Distant)–)remote)discussion)with)
consultant)(by)telephone))
None)D)no)documented/observed)
consultant)review)
Medical)notes,)staff)questioning)
Time)of)decision)for)
theatre)
dd/mm/yy)hh:mm))
(24Dhour)clock))
Y) Date/time)recorded)in)notes)of)
decision)to)go)to)theatre)
Medical)notes)
Time)of)theatre)booking) dd/mm/yy)hh:mm))
(24Dhour)clock))
Y) ) Theatre)booking)forms,)theatre)
electronic)records)
Next)on)CEPOD)list?) Y/N) N) Was)the)case)prioritised)to)be)next)in)
theatre?)
Theatre)records)
NCEPOD)classification) Immediate)(within)
minutes))
Urgent)(within)hours))
Expedited)(days))
)
Y) ) Theatre)booking)record,)anaesthetic)
chart,)theatre)electronic)records)
ASA)grade) 1)D)normal)healthy)patient)
2)D)mild)systemic)disease)
3)D)severe)limiting)systemic)
disease)
Y) ) Anaesthetic)chart,)theatre)electronic)
record)
Appendices)
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4)D)severe)systemic)disease)
that)is)a)constant)threat)to)
life)
5)D)moribund)patient)who)
is)not)expected)to)survive)
with/without)operation)
Time)in)anaesthetic)room) dd/mm/yy)hh:mm))
(24Dhour)clock))
Y) ) Theatre)electronic)records)
Time)of)anaesthetic)
induction)
dd/mm/yy)hh:mm))
(24Dhour)clock))
Y) ) Anaesthetic)chart,)theatre)electronic)
records)
Grade)of)most)senior)
anaesthetist)present)at)any)
point)during)procedure)
Consultant)
SAS)Grade)
Research)Fellow)
Clinical)Fellow)
Registrar/Specialty)
trainee)
SHO/Core)trainee)
Other)
)
Y) Most)senior)anaesthetist)present)in)
theatre)at)any)point)during)the)
procedure)
Anaesthetic)chart)
Does)the)most)senior)
anaesthetist)have)FRCA?)
Y/N/unknown) Y) ) FRCA)=)Fellowship)of)the)Royal)College)
of)Anaesthetists.)Must)be)attained)in)
order)to)progress)to)ST5)level)of)
training.)
Anaesthetic)chart,)emergency)
laparotomy)pathway)
Grade)of)most)senior)
surgeon)present)at)any)
point)during)procedure)
Consultant)
Post)CCT)trainee)
SAS)Grade)
Research)Fellow)
Clinical)Fellow)
Registrar/Specialty)
trainee)
Y) Most)senior)surgeon)present)in)
theatre)at)any)point)during)the)
procedure)
Surgical)operative)note,)theatre)
records)
Appendices)
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SHO/Core)trainee)
Other)
)
Is)the)most)senior)surgeon)
postDCCT)
Y/N/unknown) Y) ) CCT)=)completion)of)certificate)of)
training.)This)is)awarded)to)senior)
trainees)who)have)completed)their)
training.)It)is)a)requirement)prior)to)
applying)for)consultant)posts.))
Surgical)notes,)theatre)record)
Duration)of)procedure) minutes) Y) ) Theatre)records,)operative)notes,)
anaesthetic)record)
Surgical)site)wound)
infection)prophylaxis)
Y/N) ) Antibiotic)prophylaxis,)patient)
temperature)maintenance)
(warming/measurement),)skin)prep,)
Sats)>95%,)maintenance)of)perfusion)
Anaesthetic)record,)surgical)op)notes,)
theatre)record)
Surgical)procedure(s))
performed)
Free)text) Y) ) Operation)note)
Underlying)pathology)(1)) Ulcerative)colitis))
Crohn’s)disease)
Diverticular)mass)
Malignancy)
Strangulated/incarcerate
d)hernia)
Upper)GI)Perforation)
Lower)GI)perforation)
Ischaemic)bowel)
Adhesions))
Small)Bowel)Obstruction)
Large)Bowel)Obstruction)
Other)D)please)specify)
)
Y) Upper)GI)defined)as)oesophagus)to)
duodenalDjejunal)flexure)
Lower)GI)defined)as)bowel)beyond)DJ)
flexure)
Surgical)operative)note,)medical)notes,)
radiology)reports,)pathology)results,)
MDT/followDup)notes)
Appendices)
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Underlying)pathology)(2)) Ulcerative)colitis))
Crohn’s)disease)
Diverticular)mass)
Malignancy)
Strangulated/incarcerate
d)hernia)
Upper)GI)Perforation)
Lower)GI)perforation)
Ischaemic)bowel)
Adhesions))
Small)Bowel)Obstruction)
Large)Bowel)Obstruction)
Other)D)please)specify)
)
N) Upper)GI)defined)as)oesophagus)to)
duodenalDjejunal)flexure)
Lower)GI)defined)as)bowel)beyond)DJ)
flexure)
Surgical)operative)note,)medical)notes,)
radiology)reports,)pathology)results,)
MDT/followDup)notes)
Underlying)pathology)(3)) Ulcerative)colitis))
Crohn’s)disease)
Diverticular)mass)
Malignancy)
Strangulated/incarcerate
d)hernia)
Upper)GI)Perforation)
Lower)GI)perforation)
Ischaemic)bowel)
Adhesions))
Small)Bowel)Obstruction)
Large)Bowel)Obstruction)
Other)D)please)specify)
)
N) Upper)GI)defined)as)oesophagus)to)
duodenalDjejunal)flexure)
Lower)GI)defined)as)bowel)beyond)DJ)
flexure)
Surgical)operative)note,)medical)notes,)
radiology)reports,)pathology)results,)
MDT/followDup)notes)
Other)underlying)
pathology)
Free)text) ) ) )
Complication)of)recent)
surgery?)
Y/N) Y) Did)the)patient)have)a)surgical)
procedure)within)the)preceding)30)
Medical)notes)
Appendices)
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days)that)may)have)contributed)to)the)
need)for)emergency)laparotomy?)
(
(
(
( (
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Element(4:(Goal(Directed(Fluid(Therapy(
Data(point( Format/options( EDGE(
Compulsory(
field?(
Definitions( Source(of(data/comments(
Time)of)commencement)of)
GDT)
dd/mm/yy)hh:mm))
(24Dhour)clock))
Y) GDT)is)the)use)of)cardiac)output)
monitoring)(e.g.)Oesophageal)Doppler)
(ODM),)LiDCO)rapid))to)monitor)the)
response)in)cardiac)output)and)other)
parameters)to)an)intravenous)fluid)
challenge,)aiming)for)optimisation)of)
cardiac)output)
The)majority)of)cases)will)have)GDT)
started)in)theatre,)this)should)be)
recorded)on)the)anaesthetic)chart.)If)
the)patient)is)admitted)to)ITU)preDop)
they)may)have)GDT)–)check)preDop)ITU)
notes)
(
GDT)utilised)preDop?) Y/N) Y) ) Only)if)admitted)to)ITU)preDop)–)ITU)
notes)
GDT)utilised)intraDop?) Y/N) Y) ) Anaesthetic)chart)
GDT)utilised)for)6Dhours)
postDop?)
Y/N) Y) ) ITU)notes)
(
(
(
(
(
(
(
(
(
( (
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Element(5:(PostKoperative(Care(
Data(point( Format/options( EDGE(
Compulsory(
field?(
Definitions( Source(of(data/comments(
Intensive)care)(level)2/3)?) Y/N) Y) Was)the)patient)cared)for)on)ITU?)
Level)2)care)defined)as)single)organ)
support)
Level)3)care)defined)as)multiDorgan)
support)
ITU)notes/electronic)record)
If)no:)alternative)level)2/3)
care)(e.g.)in)PACU)for)>6)
hours))
Y/N) N) ITU)alternative)(extended)stay)in)
PACU/recovery))must)be)staffed)by)
trained)staff)(ITU)trained)nursing)staff)
and/or)experienced)anaesthetist).)
This)must)include)cardiac)output)
monitoring)
PostDop/recovery)notes)
If)no,)why)did)the)patient)
not)receive)level)2/3)care)
Free)text) N) Record)reasons)why)level)2/3)care)
not)received)by)patient)(–)e.g.)no)bed)
or)available)alternative,)alternative)
not)staffed)by)trained)level)2/3)staff,)
documented)clinical)decision,)reason)
for)decision)not)documented))
Anaesthetic)chart,)surgical)opDnote,)
medical)notes)
Date)and)time)of)starting)
enteral)nutrition)
dd/mm/yy)hh:mm))
(24Dhour)clock))
N) Date/time)of)starting)sustained)
oral/NG/NJ)feeding/JEJ/PEJ)(must)
have)stopped)parenteral)TPN))
Drug)chart,)ITU)notes,)nursing)notes,)
medical)notes)
(
(
(
(
( (
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PKPPOSSUM(
PDPOSSUM)(Portsmouth)PostDOperative)Severity)Score)for)the)enumeration)of)Morbidity)and)Mortality))is)a)validated)scoring)system)to)predict)
the)risk)of)30Dday)mortality)based)on)physiological)and)surgical)parameters.)The)score)should)be)calculated)at)the)end)of)the)procedure)to)
produce)a)predicted)mortality)risk.)All(physiological(data(should(be(taken(from(the(preKoperative(period)and)should)be)the)worst(recorded(
variable(after(deterioration(and(before(surgery.))An)excel)PDPOSSUM)calculator)is)loaded)onto)the)EDGE)system)in)the)project)documentation)
file.)There)are)online)and)app)based)calculators)however)they)do)not)all)agree,)therefore)please)use)either)the)excel)calculator)(in)the)EDGE)
files)folder))or)go)to)http://www.riskprediction.org.uk/ppDindex.php.)
Data(point( Format/options( EDGE(
Compulsory(
field?(
Definitions( Source(of(data/comments(
Age) <61)years)
61D70)years)
>70)years)
Not$logged$
on$edge$
Age)at)procedure) Medical)record)
Cardiac) D)No)cardiac)failure)
D)Diuretic,)digoxin,)treatment)for)
angina/hypertension)
D)peripheral)oedema,)warfarin,)borderline)
cardiomegaly)
D)raised)JVP,)cardiomegaly)
Not$logged$
on$edge$
PreDoperative)cardiac)status) Anaesthetic)chart,)medical)notes)
Respiratory) D)No)dyspnoea)
D)Dyspnoea)on)
exertion/mild)COPD)
D)limiting)dyspnoea,)moderate)COPD)
D)dyspnoea)at)rest,)pulmonary)
fibrosis/consolidation)on)CXR)
Not$logged$
on$edge$
PreDoperative)respiratory)
status)
Anaesthetic)chart,)medical)notes)
ECG) D)normal)
D)AF)rate)60D90)
D)Any)other)abnormal)rhythm)or)>4/min)ectopics)
or)QDwaves/ST/T)wave)changes)
Not$logged$
on$edge$
) PreDoperative)or)old)ECGs,)medical)notes,)
anaesthetic)record)
GCS) 15)
12)to)14)
9)to)11)
<9)
)
Not$logged$
on$edge$
Eye)response)/4)
Motor)response/6)
Verbal)response/5)
Lowest(PreDoperative)GCS)
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Systolic)BP)(mmHg)) 110D130)mmHg)
100D109)or)131D170)mmHg)
>170)or)90D99)mmHg)
<90mmHg)
)
Not$logged$
on$edge$
Lowest(recorded(preK
operative(Systolic(BP(
PreKoperative(observation(chart(
Pulse)rate)(BPM)) 50)–)80)
40)–)49)or)81)–)100)
101)–)120)
<40)or)>120)
)
Not$logged$
on$edge$
Highest(recorded(preK
operative(Systolic(BP(
PreKoperative(observation(chart(
Hb)
(Haemoglobin)(g/dl))
13D16)g/dl)
11.5D12.9)or)16.1D17)g/dl)
10D11.4)or)17.1D18)g/dl)
<10)or)>18)g/dl)
)
Not$logged$
on$edge$
Lowest(preKop(Hb( Pathology)results,)blood)gas)result)
WBC)(White)blood)
cell)count))(no/mm3))
4)to)10)
10.1D20)or)3.1D4)
>20)or)<3)
)
)
Not$logged$
on$edge$
Worst(preKoperative(WCC( Pathology)results)
Urea)(mmol/l)) <7.6)
7.6)–)10)
10.1)–)15)
>15)
)
)
Not$logged$
on$edge$
Highest(preKoperative(serum(
urea(
Pathology)results)
Sodium)(mmol/l)) >135)
131D135)
126D130)
<126)
)
)
Not$logged$
on$edge$
Worst(preKoperative(serum(
sodium(
Pathology)results)
Potassium)(mmol/l)) 3.5D5)
3.2D3.4)or)5.1D5.3)
2.9D3.1)or)5.4D)5.9)
<2.9)or)>5.9)
)
)
Not$logged$
on$edge$
Worst(preKoperative(serum(
potassium)
Pathology)results)
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Number)of)
procedures)
1)
2)
>2)
)
Not$logged$
on$edge$
Number)of)separate)surgical)
procedures)performed)during)
the)laparotomy)–)e.g.)bowel)
resection)and)splenectomy)=)2)
procedures)
Pathology)results)
Blood)loss)(ml)) <100)
101)–)500)
501)–)999)
>1000)
)
Not$logged$
on$edge$
Estimated)blood)loss) Surgical)op)note,)anaesthetic)record,)
theatre)record)
Peritoneal)
contamination)
no)soiling)
minor)soiling)
local)pus)
free)bowel)contents,)pus)or)blood)
)
Not$logged$
on$edge$
) Surgical)op)note)
Malignancy) Not)malignant)
Primary)malignancy)
Malignancy)with)nodal)metastases)
Malignancy)with)distal)metastases)
Not$logged$
on$edge$
) Surgical)op)note,)postDop)notes,)followD
up)communications/MDT)
Operative)severity) Minor)
Moderate)
Major)
Major)complex)
Not$logged$
on$edge$
Major)–)any)laparotomy)
Major)complex)–)AP)resection,)
liver/pancreatic)resection,)
oesophagogastrectomy)
Surgical)op)note)
By)definition)all)will)be)major)
PDPOSSUM)
predicted)mortality)
risk)
%) Y) ) Excel)PDPOSSUM)calculator)on)EDGE)
system)in)the)project)documents)file,)
or)use)online)calculator:)
http://www.riskprediction.org.uk/ppD
index.php)
(
(
(
(
( (
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PostKOperative(Morbidity(Survey((POMS)(AND(ClavienKDindo(Complication(Severity(Scoring(–(Day(3(&(7(post(op(
POMS)is)a)validated)scoring)system)to)assess)postDoperative)complications)on)a)specified)day.)We)have)chosen)to)look)at)days)3)and)7)post)op.)
(NB:)the)day)of)surgery)is)day)0,)day)1)postDop)is)the)day)after)surgery)(
Data(point( Format/options( Compulsory(
field?(
Definitions( Source(of(data/comments(
Pulmonary)
) )
Y/N) Y) New)requirement)for)supplemental)
oxygen)or)other)type)of)respiratory)
support)(e.g.)mechanical)ventilation)or)
CPAP))
)
Patient)observation)
Treatment)chart)
)
Pulmonary(
complication(
grade(
1K5( N( See(Appendix(9( Medical(notes,(patient(review,(
treatment(charts(
Infectious) Y/N) Y) Currently)on)antibiotics)or)temperature)
>38oC)in)the)last)24)hours)
Treatment)chart)
Observation)chart)
)
Infectious(
complication(
grade(
1K5( N( See(Appendix(9( Medical(notes,(patient(review,(
treatment(charts)
Renal) Y/N) Y) Presence)of)oliguria)(<500ml/day),)
increased)serum)creatinine)(>30%)from)
preoperatively),)or)urinary)catheter)in)
place)for)nonDsurgical)reason)
)
Fluid)balance)chart)
Biochemistry)results)
Patient)observation)
)
Renal(
complication(
grade(
1K5) N) See(Appendix(9) Medical(notes,(patient(review,(
treatment(charts)
Gastrointestinal) Y/N) Y) Unable)to)tolerate)enteral)diet)(either)by)
mouth)or)feeding)tube))for)any)reason)
including)nausea)vomiting)or)abdominal)
distension)
Patient)questioning)
Fluid)balance)chart)
Treatment)chart)
)
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Gastrointestinal(
complication(
grade(
1K5) N) See(Appendix(9) Medical(notes,(patient(review,(
treatment(charts)
Cardiovascular) Y/N) Y) Diagnostic)test)or)therapy)within)the)last)
24)hours)for)any)of)the)following:)new)
myocardial)infarction)or)ischaemia,)
hypotension)(requiring)pharmacological)
therapy)or)fluid)therapy)>200ml/hour),)
atrial)or)ventricular)arrhythmias))or)
cardiogenic)pulmonary)oedema)
Treatment)chart)
Note)review)
)
Cardiovascular(
complication(
grade(
1K5) N) See(Appendix(9) Medical(notes,(patient(review,(
treatment(charts)
Neurological) Y/N) Y) Presence)of)new)focal)deficit,)coma)or)
confusion/delirium)
Note)review)
Patient)questioning)
)
Neurological(
complication(
grade(
1K5) N) See(Appendix(9) Medical(notes,(patient(review,(
treatment(charts)
Wound) Y/N) Y) Wound)dehiscence)requiring)surgical)
exploration)or)drainage)of)pus)from)the)
operation)wound)with)or)without)
isolation)of)organism)
Note)review)
Pathology)results)
)
Wound(
complication(
grade(
1K5) N) See(Appendix(9) Medical(notes,(patient(review,(
treatment(charts)
Haematological) Y/N) Y) Requirement)for)any)of)the)following)
within)last)24)hours:)packed)red)cells,)
platelets,)FFP,)plasma,)cryoprecipitate)
)
Treatment)chart)
Patient)questioning)
)
Haematological(
complication(
grade(
1K5) N) See(Appendix(9) Medical(notes,(patient(review,(
treatment(charts)
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Pain) Y/N) Y) Surgical)wound)pain)significant)enough)to)
require)parenteral)opioids)or)regional)
analgesia)
Treatment)chart)
Patient)questioning)
)
Pain(complication(
grade(
1K5) N) See(Appendix(9) Medical(notes,(patient(review,(
treatment(charts)
Complication(
comments(
( N) Any(additional(explanatory(notes,(
queries.(Additional(complications(not(
covered(by(above(definitions((please(
grade(severity)(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
( (
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Outcomes(
Data(point( Format/options( Compulsory(
field?(
Definitions( Source(of(data/comments(
PostDop)Level)3)days) Days) Y) Number)of)days)receiving)level)3)care)
postDop)for)those)admitted)from)
theatre)
ITU)electronic)record)
PostDop)Level)2)days) Days) Y) Number)of)days)receiving)level)2)care)
postDop)for)those)admitted)from)
theatre)
ITU)electronic)record)
PostDop)Level)1)days) Days) Y) Number)of)days)receiving)level)1)care)
postDop)for)those)admitted)from)
theatre)
ITU)electronic)record)
Combined)critical)care)
days)
Days) ) ) ITU)electronic)record)
ICU)reDadmission)OR)
unanticipated)ICU)
admission?)
Y/N) Y) Was)the)patient)admitted/reDadmitted)
to)ITU)unexpectedly)after)discharge)to)
general)ward)area)
Medical)notes,)ITU)notes,)ITU)
electronic)record)
Duration)of)ICU)reD
admission/unanticipated)
admission)
Days) N) ) Medical)notes,)ITU)notes,)ITU)
electronic)record)
ReDlaparotomy?) Y/N) Y) Did)the)patient)require)one)or)more)
further)emergency)laparotomy)
procedures)after)the)primary)
emergency)laparotomy?)
)
Medical)notes,)theatre)records)
ReadyDforDdischarge)
date)
dd/mm/yy) Y) Date)the)patient)meet)the)discharge)
criteria?)
D)Good)pain)control)with)oral)analgesia)
D)Tolerance)of)solid)food)/)outpatient)
nutritional)plan)in)place))
D)Independently)mobile)or)mobility)
deficit)deemed)chronic)and)discharge)
arrangements)planned)accordingly)
Medical)notes,)direct)patient)
questioning)
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D)Patient)willing)to)be)discharged)
)
Date)of)hospital)
discharge)
dd/mm/yy) Y) ) Medical)notes,)hospital)record)
Outcome)at)hospital)
discharge)
Home)with)same)level)of)
care)
Home)with)increased)level)
of)care)
Rehab/intermediate)care)
New)Nursing)home)
Death)
Other)(please)specify))
Y) We)are)interested)in)a)change)in)
circumstances.)i.e.)if)patient)is)
admitted)from)and)returns)to)a)NH)on)
discharge)and)does)not)require)an)
increased)level)of)care)then)they)are)
returning)‘home)with)same)level)of)
care’,)if)a)NH)resident)is)admitted)but)
returns)to)the)NH)requiring)increased)
input)then)they)are)returning)‘home)
with)increased)level)of)care.)
Medical)notes,)discharge)papers)
Alive)at)30)days) Y/N) Y) Alive)on)30th)postDoperative)day) Hospital)records,)medical)notes)
Date)of)death) dd/mm/yy) N) ) Hospital)records,)medical)notes)
Cause)of)death) Free)text) N) As)appears)on)death)certificate) Death)certificate)
)
)
(
(
) )
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Appendix(8(–(Post/Operative(Morbidity(Survey(
( (
System' Complication'Definition'
Respiratory' Has$the$patient$developed$a$new$requirement$
for$oxygen$or$respiratory$support?$
Cardiovascular' Diagnostic$tests$or$therapy$within$the$last$24$hr$
for$any$of$the$following:$new$myocardial$
infarction$or$ischemia,$hypotension$(requiring$
fluid$therapy$>200$mL/hr$or$pharmacological$
therapy),$atrial$or$ventricular$arrhythmias,$
cardiogenic$pulmonary$oedema,$thrombotic$
event$(requiring$anticoagulation).$
Neurological' New$focal$neurological$deficit,$confusion,$
delirium,$or$coma.$
Haematological' Requirement$for$any$of$the$following$within$the$
last$24$hr:$packed$erythrocytes,$platelets,$freshJ
frozen$plasma,$or$cryoprecipitate.$
Wound' Wound$dehiscence$requiring$surgical$
exploration$or$drainage$of$pus$from$the$
operation$wound$with$or$without$isolation$of$
organisms.$
Pain' New$postoperative$pain$significant$enough$to$
require$parenteral$opioids$or$regional$analgesia.$
Renal' Presence$of$oliguria$<500$mL/24$hrP$increased$
serum$creatinine$(>30%$from$preoperative$
level)P$urinary$catheter$in$situ.$
Gastrointestinal' Unable$to$tolerate$an$enteral$diet$for$any$reason$
including$nausea,$vomiting,$and$abdominal$
distension$(use$of$antiemetic).$
Infection' Currently$on$antibiotics$and/or$has$had$a$
temperature$of$>38oC$in$the$last$24$hr.'
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(
Appendix(9(–(Clavien/Dindo(classification(of(post/operative(complications(
(
Grade((( Definition(
(
Grade)I)) Any)deviation)from)the)normal)postoperative)course)without)the)need)for)
pharmacological)treatment)or)surgical,)endoscopic,)and)radiological)
interventions.)Allowed)therapeutic)regimens)are:)drugs)as)antiemetics,)
antipyretics,)analgesics,)diuretics,)electrolytes,)and)physiotherapy.)This)grade)
also)includes)wound)infections)opened)at)the)bedside.)
)
Grade)II)) Requiring)pharmacological)treatment)with)drugs)other)than)such)allowed)for)
grade)I)complications.)Blood)transfusions)and)total)parenteral)nutrition)are)
also)included.)
)
Grade)III)) Requiring)surgical,)endoscopic)or)radiological)intervention)
)
Grade)IIIa)) Intervention)not)under)general)anesthesia)
)
Grade)IIIb)) Intervention)under)general)anesthesia)
)
Grade)IV)) LifeFthreatening)complication)(including)CNS)complications))*)requiring)
IC/ICU)management)
)
Grade)IVa)) Single)organ)dysfunction)(including)dialysis))
)
Grade)IVb)) Multiorgan)dysfunction)
)
Grade)V)) Death)of)a)patient)!
Suffix)“d”)) If)the)patient)suffers)from)a)complication)at)the)time)of)discharge)(see)
examples)in)Table)2),)the)suffix)“d”)(for)“disability”))is)added)to)the)respective)
grade)of)complication.)This)label)indicates)the)need)for)a)followFup)to)fully)
evaluate)the)complication.)
)
*Brain)hemorrhage,)ischemic)stroke,)subarrachnoidal)bleeding,)but)excluding)transient)
ischemic)attacks.)(CNS,)central)nervous)system;)IC,)intermediate)care;)ICU,)intensive)care)
unit))
)
!
!
!
!
!
!
!
!
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Clinical!Examples!of!Complication!Grades!
!
Grades!! ! Organ! !! System!Examples!!Grade!I!! ! Cardiac!! ! Atrial!fibrillation!converting!after!correction!of!K_6level!Respiratory!! Atelectasis!requiring!physiotherapy!Neurological!! Transient!confusion!not!requiring!therapy!Gastrointestinal!! Noninfectious!diarrhea!Renal!! ! Transient!elevation!of!serum!creatinine!Other!! ! Wound!infection!treated!by!opening!of!the!wound!at!the!bedside!!Grade!II!! ! Cardiac!! ! Tachyarrhythmia!requiring!_6receptor!antagonists!for!heart!rate!control!Respiratory!! Pneumonia!treated!with!antibiotics!on!the!ward!Neurological!! TIA!requiring!treatment!with!anticoagulants!Gastrointestinal!! Infectious!diarrhea!requiring!antibiotics!Renal!! ! Urinary!tract!infection!requiring!antibiotics!Other!! ! Same!as!for!I!but!followed!by!treatment!with!antibiotics!because!of!additional!phlegmonous!infection!!Grade!IIIa!! Cardiac!! ! Bradyarrhythmia!requiring!pacemaker!implantation!in!local!anesthesia!Neurological!! See!grade!IV!Gastrointestinal!! Biloma!after!liver!resection!requiring!percutaneous!drainage!Renal!! ! Stenosis!of!the!ureter!after!kidney!transplantation!treated!by!stenting!Other! ! !Closure!of!dehiscent!noninfected!wound!in!the!OR!under!local!anesthesia!!Grade!IIIb!! Cardiac!! ! Cardiac!tamponade!after!thoracic!surgery!requiring!fenestration!Respiratory!! Bronchopleural!fistulas!after!thoracic!surgery!requiring!surgical!closure!Neurological!! See!grade!IV!Gastrointestinal!! Anastomotic!leakage!after!descendorectostomy!requiring!relaparotomy!Renal!! ! Stenosis!of!the!ureter!after!kidney!transplantation!treated!by!surgery!Other!! ! Wound!infection!leading!to!eventration!of!small!bowel!!Grade!IVa!! Cardiac!! ! Heart!failure!leading!to!low6output!syndrome!Respiratory!! Lung!failure!requiring!intubation!Neurological!! Ischemic!stroke/brain!hemorrhage!Gastrointestinal!! Necrotizing!pancreatitis!Renal!! ! Renal!insufficiency!requiring!dialysis!!Grade!IVb!! Cardiac!! ! Same!as!for!IVa!but!in!combination!with!renal!failure!Respiratory!! Same!as!for!IVa!but!in!combination!with!renal!failure!Gastrointestinal!! Same!as!for!IVa!but!in!combination!with!hemodynamic!instability!Neurological!! Ischemic!stroke/brain!hemorrhage!with!respiratory!failure!Renal!! ! Same!as!for!IVa!but!in!combination!with!hemodynamic!instability!!Suffix!“d”!! Cardiac!! ! Cardiac!insufficiency!after!myocardial!infarction!(IVa–d).!!Respiratory!! Dyspnea!after!pneumonectomy!for!severe!bleeding!after!chest!tube!placement!(IIIb–d)! Gastrointestinal!! Residual!fecal!incontinence!after!abscess!following!descendorectostomy!with!surgical!evacuation.!(IIIb–d)!Neurological!! Stroke!with!sensorimotor!hemisyndrome!(IVa–d)!Renal!! ! Residual!renal!insufficiency!after!sepsis!with!multiorgan!dysfunction!(IVb–d)!Other!! ! Hoarseness!after!thyroid!surgery!(I–d)!!(TIA,!transient!ischemic!attack;!OR,!operating!room)))
